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PART ONE 
N o n -P a ra ly t ic  P o l i o m y e l i t i s .
The c a s e s  o f  a c u te  n o n - p a r a l y t i c  p o l i o m y e l i t i s  
d i s c u s s e d  h e re  were a d m it te d  under my c a re  to  B r o o k f ie ld s  
H o s p i t a l ,  Cambridge, between th e  y e a rs  1947 to  1953.
They o c c u r re d  in  a s s o c i a t i o n  w i th  c a se s  o f  p a r a l y t i c  
p o l i o m y e l i t i s  a d m it te d  to  th e  h o s p i t a l  o v e r  t h i s  p e r io d ,  
and th e y  were from a re a s  in  which p a r a l y t i c  p o l i o m y e l i t i s  
was p r e v a l e n t  a t  th e  same t im e .
C l i n i c a l  F e a tu r e s  o f th e  Minor I l l n e s s .
44% of th e s e  c a se s  gave a h i s t o r y  o f  a "m inor i l l n e s s "  
p re c e d in g  th e  o n se t  o f  th e  m ajor i l l n e s s .  The i n t e r v a l  
betw een th e  m inor and m ajor i l l n e s s  v a r i e d  from one t o  seven  
d a y s .  The d u r a t io n  o f  th e  m inor i l l n e s s  w as, i n  th e  
m a jo r i t y  o f  c a s e s ,  two to  t h r e e  d a y s .  The s a l i e n t  f e a t u r e s  
o f  t h i s  p rodrom al i l l n e s s  w ere , f e v e r ,  h ead ach e , g e n e ra l  
m uscu la r  p a in s  and so re  t h r o a t .
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The o c c u rre n c e  o f  a b ip h a s ic  p a t t e r n  a t  th e  o n se t  
o f  a c u te  p o l i o m y e l i t i s  has  been m entioned by numerous 
w r i t e r s ,  in c lu d in g  Hortsman (1949) and R i t c h i e  R u s s e l l  
(1952).
The c l i n i c a l  f e a t u r e s  of th e  m inor i l l n e s s  i n  th e  
s e r i e s  under d i s c u s s io n  were as  f o l lo w s :
P a t i e n t s  f r e q u e n t ly  com plained t h a t  th e y  had had a 
c o ld ,  b u t  on f u r t h e r  e n q u iry  i t  was found t h a t  t h e r e  was 
n e v e r  any r h in o r r h o e a ,  and th e y  d id  no t s u f f e r  from an 
a c u te  c a t a r r h a l  e x u d a te .  There  was i n  no case  a h i s t o r y  
o f  s w e l l in g  o f  th e  n a s a l  mucous membranes s u f f i c i e n t  to  
cause  any d i s t i n c t i v e  n a s a l  symptoms.
The so re  t h r o a t  com plained o f  was n e v e r  o f  such 
i n t e n s i t y  a s  to  cause p a in  o r  d isc o m fo r t  on sw allow ing and 
a cough was no t a symptom in  any o f  th e  c a s e s .  G e n e ra l i s e d  
m u scu la r  p a in s  w ere com plained o f  by many o f  them .
I t  i s  o n ly  d u r in g  an ep idem ic  t h a t  a t t e n t i o n  i s  
l i k e l y  t o  be d i r e c t e d  tow ards  th e  o c c u r re n c e  o f  a m inor 
i l l n e s s .  Cases o f  a c u te  p o l i o m y e l i t i s  a d m it te d  w i th o u t  a 
h i s t o r y  o f  a m inor i l l n e s s  a f f o r d e d ,  t h e r e f o r e ,  an 
o p p o r tu n i ty  o f  s tu d y in g  th e  ap p ea ran ce  o f  t h e  nasopharynx  
i n  a c u te  p o l i o m y e l i t i s .
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The f a u c e s  and nasopharynx in  such c a se s  were found 
to  be o n ly  s l i g h t l y  i n j e c t e d .  There was no exudate  to  
be seen  and th e  t h r o a t  and nose swabs were i n v a r i a b l y  
n e g a t iv e  on b a c t e r i o l o g i c a l  exam ina tion*
Some o f  t h e s e  p a t i e n t s  had c o n ju n c t iv a l  i n j e c t i o n  
and some had a l s o  p a lp a b le  ly m p h a tic  nodes i n  th e  p o s t -  
e e r v i c a l  r e g io n .
There were no p o s i t i v e  f i n d in g s  t h a t  were c h a r a c t e r i s t i c  
o f  the  m inor i l l n e s s .  I n  f a c t ,  th e  absence  o f  c e r t a i n  
f a c t o r s  such as  r h in o r r h o e a ,  cough, and l o c a l  e x u d a te ,  were 
o f  more s i g n i f i c a n c e .
C l i n i c a l  F e a tu r e s  o f  th e  M ajor I l l n e s s .
The most p rom inen t symptoms (See a l s o  F i g . l . )  were 
h ead ach e , nausea  and v o m it in g ,  neck s t i f f n e s s  and p a in ,  
w i th  s t i f f n e s s  o f  th e  b ack . The headache was no t v e ry  
in te n s e  and o n ly  seldom r e q u i r e d  a n a l g e s i c s .  The m en ta l  
c o n d i t io n  was u s u a l ly  c l e a r .  A lthough th e  m a j o r i t y  o f  
them had vom ited t h i s  was no t a  r e p e a te d  o r  p e r s i s t e n t  
symptom. I n  th e  m a j o r i t y  o f  c a s e s  f e v e r  was p r e s e n t .
Neck and b ack  s t i f f n e s s  f e a t u r e d  a s  a symptom i n  
a b o u t  50%  o f  th e  c a s e s .  I t  w as, however, a c l i n i c a l  
f i n d in g  i n  a l l  o f  them . A lthough neck s t i f f n e s s  was
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i n v a r i a b l y  p r e s e n t  i t  was n o t ,  i n  th e  g r e a t  m a jo r i ty  o f  
c a s e s ,  ve ry  m arked. I  d id  no t f in d  any c a se s  w i th  
v i s i b l e  head r e t r a c t i o n ,  such a s  one f i n d s  in  a c u te  
b a c t e r i a l  m e n i n g i t i s .
The meningism o f  a c u te  p o l i o m y e l i t i s  was o f  such a 
m odera te  c h a r a c t e r ,  i n  th e  v a s t  m a jo r i t y  o f  c a s e s ,  t h a t  
i t  was no t  obv ious on lo o k in g  a t  th e  p a t i e n t .  I t  was 
som ething  t h a t  had to  be se a rc h ed  f o r .  I t  was p r e s e n t ,  
however, so c o n s t a n t ly  in  a l l  c a se s  t h a t  to o  much 
im po rtan ce  cannot be a t t a c h e d  to  t h i s  c l i n i c a l  f i n d i n g .
The in c id e n c e  o f  v a r io u s  o th e r  symptoms i s  shown in  F ig .  1 .
I t  i s  w orthy  o f  m en tion  t h a t  i n  no ease  d id  any 
c o n v u ls io n s  o c c u r .  In  15G c a se s  o f p a r a l y t i c  p o l i o m y e l i t i s  
t r e a t e d  a t  B r o o k f ie ld s  H o s p i t a l ,  o v e r  t h i s  same p e r io d ,  th e  
absence  o f  t h i s  f e a t u r e  was a l s o  n o te d .
L a b o ra to ry  I n v e s t i g a t i o n s .
Lumbar p u n c tu re s  were perform ed in  a l l  50 c a se s  o f  
n o n - p a r a l y t i c  p o l i o m y e l i t i s .  The r e s u l t s  o f  th e  f i n d in g s  
a re  shown in  F ig .  2 .  In  o r d e r  t o  o b t a in  a more com prehensive 
p i c t u r e  o f  th e  c e r e b r o s p in a l  f l u i d ,  in  a c u te  p o l i o m y e l i t i s ,  
th e  f i n d in g s  i n  124 e a se s  w i th  p a r a l y s i s  w hich  had lum bar 
p u n c tu re s  perform ed were a n a ly se d  and the  r e s u l t s  a re  a l s o  
shown in  F ig .  3 .
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FIG. 2
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C e l l  C o u n ts ,
I n  a l l  i n s t a n c e s  th e  number o f  lym phocy tes  and 
g r a n u l o c y te s ,  a s  w e l l  a s  th e  p r o t e i n  and s u g a r  
c o n c e n t r a t i o n s ,  were d e te rm in e d ,  10# o f  th e  non­
p a r a l y t i c  s e r i e s  had a co u n t o f  l e s s  t h a n  5 e e l l s / c .m m .  
The c o r re s p o n d in g  f i g u r e  f o r  the  p a r a l y t i c  s e r i e s  was 
12# ( F i g , 4 ) .
FIGURE 4 ,  C. S .  FLUID CELL ANALYSIS.
CELL COUNT NON-PARALYTIC PARALYTIC
NUMBERS PERCENTAGE NUMBERS PERCENTAGE
0 - 4 5 10 14 12
5 - 9 4 8 8 7
*10 -  39 11 22 33 27
40 -  99 15 30 27 21
100 -  0 15 30 42 34
TOTAL 50 100 124 100
Of th e  n o n - p a r a l y t i c  s e r i e s  8#  had a coun t o f  
5 to  9 c e l l s /c ,m m .  i n c l u s i v e ,  th e  c o r re s p o n d in g  f i g u r e  
f o r  t h e  p a r a l y t i c  c a s e s  b e in g  7#, and 22# had  a c e l l  
co u n t  i n  th e  10 to  39 g ro u p ,  th e  com parab le  p e r c e n ta g e  
i n  t h e  p a r a l y t i c  s e r i e s  b e in g  27 # .
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In  th e  g roup  w hich  had 40-99  c e l l s  t h e r e  w ere  
30% n o n - p a r a l y t i c  and 21 % p a r a l y t i c *  F i n a l l y ,  30% 
o f  t h e  n o n - p a r a l y t i c  and 34% o f  t h e  p a r a l y t i c  c a s e s  
had  c e l l  c o u n ts  o f  100 o r  over*
The h i g h e s t  e e l l  count i n  t h e  n o n - p a r a l y t i c  s e r i e s  
was 1430 (See F ig*  2) c o m p ris in g  1300 ly m pho cy tes  and 
130 g r a n u l o c y t e s .  The h i g h e s t  c e l l  co u n t i n  th e  p a r a l y t i c  
s e r i e s  was 4 7 6 ,(F ig * 3 )  composed e n t i r e l y  o f  ly m p h o c y te s .
Comment on Humber o f  C e l l s  Found i n  C e r e b r o s p in a l  F l u i d *
I t  i s  s i g n i f i c a n t  t h a t  i n  t h e  n o n - p a r a l y t i c  and 
p a r a l y t i c  s e r i e s  10% and 12% r e s p e c t i v e l y  had c e l l  c o u n ts  
o f  l e s s  th a n  5 .  T h is  i s  n o t  i n  a c c o rd  w i th  R i t c h i e  
R u s s e l l r s  f i n d i n g s  (19 52 ) ,  t h a t  th e  c e r e b r o s p i n a l  f l u i d  
i n  t h e  m a jo r  i l l n e s s  i s  r a r e l y  n o rm a l .  Nor does i t  a g re e  
w i th  t h e  s t a te m e n t  o f  Beaumont (1953) t h a t  t h e r e  i s  an  
e x c e s s  o f  c e l l s  p r e s e n t  (15 to  200 c.mm).
My f i n d i n g  i s  a l s o  a t  v a r i a n c e  w i th  t h a t  o f  F r a z e r  
(1913) t h a t  a c e l l  count o f  o v e r  10 s h o u ld  be r e g a r d e d  a s  
ab n o rm a l,  and th o s e  of D rury  and S la d e n  (1939) who, i n  an 
a n a l y s i s  o f  55 c a s e s ,  c o n c lu d ed  t h a t  t h e  f i n d i n g  o f  a 
c o m p le te ly  norm al f l u i d  p r a c t i c a l l y  e x c lu d e s  a  d i a g n o s i s  
o f  a c u t e  p o l i o m y e l i t i s .
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The c e r e b r o s p i n a l  f l u i d  f i n d i n g s  i n  r e g a r d  t o  c e l l s  
and p r o t e i n  i n  t h i s  s e r i e s  a r e ,  how ever, i n  k e ep in g  w i th  
th o s e  o f  P a u l (1951) t h a t  up to  12$ in  b o th  n o n - p a r a l y t i c  
and p a r a l y t i c  e a s e s  have  p e r s i s t e n t l y  n e g a t iv e  s p i n a l  
f l u i d s .
Types o f  C e l l  Found i n  th e  C e r e b r o s p in a l  F l u i d .
I n  th e  s m a l l e r  c o u n ts ,  namely 10 and u n d e r ,  
lym p hocy tes  o n ly  w ere  p r e s e n t .  I n  c e l l  c o u n ts  o v e r  t e n ,
80$ c o n ta in e d  g r a n u lo c y te s  i n  t h e  n o n - p a r a l y t i c  s e r i e s ,  
and i n  th e  p a r a l y t i c  s e r i e s  70$ c o n ta in e d  g r a n u l o c y t e s .
I n  t h e  n o n - p a r a l y t i c  s e r i e s  t h e r e  was a  p re p o n d e ra n c e  
o f  g r a n u lo c y te s  o v e r  lym phocy tes  in  o n ly  18$, th e  
c o r r e s p o n d in g  f i g u r e  i n  th e  p a r a l y t i c  s e r i e s  b e in g  1 3 .7 $ .
I n  t h i s  whole s e r i e s  o f  174 c a s e s ,  a l th o u g h  
g r a n u l o c y te s  w ere  p r e s e n t  i n  8 5 $ , th e  number o f  g r a n u l o c y te s  
exceeded  th e  number o f  ly m ph ocy tes  i n  o n ly  1 5 $ .
The day o f  i l l n e s s  on w hich  th e  lum bar p u n c tu re  was 
p e rfo rm ed  i s  shown i n  F i g s .  Z  and 3 .  I t  w i l l  he  n o te d  
from  a s tu d y  o f  t h e s e  t h a t  th e  number o f  g r a n u l o c y te s  
exceeded  th e  number o f  lym ph ocy tes  o n ly  when lum bar 
p u n c tu re  was done w i t h in  f o u r  d ays  o f  th e  s t a r t  o f  th e  
m ajo r  i l l n e s s .
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In  th e  50 c a s e s  o f  n o n - p a r a l y t i c  p o l i o m y e l i t i s  
t h e r e  was seldom  any c l i n i c a l  i n d i c a t i o n  t h a t  t h e  lum bar 
p u n c tu r e  sh o u ld  be r e p e a t e d .  I t  was found  n e c e s s a r y  to  
do so o n ly  on f o u r  o c c a s io n s ,  and i n  each  c a se  t h e r e  was 
no s i g n i f i c a n t  change i n  th e  lum bar p u n c tu re  f i n d i n g s  
(See F i g .  5 ) .
Lumbar p u n c tu re  was r e p e a t e d  i n  f o u r  o f  t h e  p a r a l y t i c  
s e r i e s  and th e  changes  found  and t h e  day o f  i l l n e s s  on
w hich  i t  was p e rfo rm ed  a r e  shown in  F i g .  6 .
P r o t e i n .  ( F i g . 7 ) .
34%  c a s e s  o f n o n - p a r a l y t i c  p o l i o m y e l i t i s  c o n ta in e d  
40 mgm/100 m l.  or l e s s .  66# c o n ta in e d  b e tw een  45 and 
95 mgm/100 m l.  6# c o n ta in e d  100mgm/l00 m l.  o r  o v e r .
The h i g h e s t  r e a d in g  in  t h e  n o n - p a r a l y t i c  group  was 
130 mgm/100 m l.
£7# o f  th e  p a r a l y t i c  p o l i o m y e l i t i s  c a s e s  c o n ta in e d  
40 mgm/100 m l.  p r o t e i n  o r  l e s s .  59# of th e  e a s e s
c o n ta in e d  be tw een  45 mgm. and 95 mgm/100 m l .  p r o t e i n  and
14# c o n ta in e d  100 mgm/100 m l.  or m ore. The h i g h e s t  
r e a d in g  i n  t h e  p a r a l y t i c  c a s e s  was 225 mgm/100 m l.
-  11 -
FIGURE 5 .
FOUR CASES OF NON-PARALYTIC POLIOMYELITIS 
IN WHICH LUMBAR PUNCTURE WAS REPEATED
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3 rd
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P r o t e i n  
20 mgm/100 ml
1 0 th
G.M. C e l l s  < 3 / cmm 
P r o t e i n  
20 mgm/100 ml
3 rd
C e l l s  3 / cmm 
P r o t e i n  
20 mgm/100 ml
8 t h
J  .K, C e l l s  5/cmm 
P r o t e i n  
45 ipgm/100 ml
4 th
C e l l s  5/cmm 
P r o t e i n  
20 mgm/100 ml
1 0 th
M.M. C e l l s  <3/cmm 
P r o t e i n  
30 mgm/100 ml
4 th
C e l l s  < 3 / cmm 
P r o t e i n  
20 mgm/100 ml
1 1 th
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FIGURE 6 .
FOUR CASES OF PARALYTIC POLIOMYELITIS
IN WHICH LUMBAR PUNCTURE WAS REPEATED
PATIENT
- --------------------- ------- ---- -- ------------








J . F . C e l l s  < 3 / cmm 
P r o t e i n  
30 mgm/100 ml
4 th
C e l l s  < 3 / cam 
P r o t  e in  
15 mgm/100 ml
8 t h
C.C. C e l l s  7 4 / cmm 
P r o t  e i  n 
60 mgm/100 ml :
5 th
C e l l s  <3/cmm 
P ro t  e in  
120 mgm/100 ml
2 1 s t
HOI. C e l l s  3 6 0 /cmm 
P r o t e i n  
200 mgm/100 ml
8 th  :
C e l l s  1 4 1 /cmm 
P r o t e i n  
200 mgm/100 m]
10 th
• C .P .
■*.
C e l l s  140/cmm 
P r o t e i n  
70 mgm/100 mil
4 th
C e l l s  19/cmm 
P r o t e i n  
65 mgm/100 ml
7 th
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F I 6. 7
PROTEIN IN C.S.F IN 124 CASES PROTEIN IN CS.F IN 5 0  CASES OF 






< 4 0  45-95 IOO+ mgm/lOO ml < 4 0  45-95  IOO+ mgm/lOO ml
^Highest 2 2 5  mgm/lOO ml) ^Highest 13 0  mgm/lOO ml)
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I n  n e i t h e r  th e  n o n - p a r a l y t i c  nor th e  p a r a l y t i c  e a s e s  
•was th e  p r o t e i n  c o n te n t  m ark ed ly  i n c r e a s e d .  I n  o n ly  6% 
n o n - p a r a l y t i c  and 14% p a r a l y t i c  was th e  r e a d i n g  100 o r  
o v e r  (F ig .  7 ) .  I n  a c o n s id e r a b le  p r o p o r t i o n ,  34% non­
p a r a l y t i c  and 27% p a r a l y t i c ,  th e  p r o t e i n  c o n te n t  o f  t h e  
c e r e b r o s p in a l  f l u i d  was 40 mgm/100 m l. o r  b e lo w . I n  66% 
o f  th e  n o n - p a r a l y t i c  and 59% of th e  p a r a l y t i c  c a s e s  th e  
p r o t e i n  c o n te n t  v a r i e d  from  45 mgm to  95 mgm/lOO m l.
V a r io u s  a u t h o r i t i e s  d i f f e r  i n  t h e i r  i n t e r p r e t a t i o n  
o f  t h e  norm al p r o t e i n  c o n te n t  o f  t h e  c e r e b r o s p i n a l  f l u i d .  
B r a in  (1951) q u o te s  th e  f i g u r e  o f  20-40 mgm/lOO m l.
P a u l  (1951) q u o te s  any r e a d in g  above 35-45 m@n/lOO m l.  a s  
b e in g  a b n o rm a l .  H enderson  and de G u t t ie re y -M a h o n e y (1950) 
s t a t e  t h a t  t h e y  r e g a r d  any r e a d i n g  up t o  60 mgm/lOO m l.  a s  
b e in g  w i t h i n  norm al l i m i t s .
As a r e s u l t  o f  an a n a l y s i s  o f ab o u t 1000 lum bar 
p u n c tu r e s  p e rfo rm ed  by the  w r i t e r  a t  B r o o k f i e l d s  H o s p i t a l ,  
i n  t h e  l a s t  15 y e a r s ,  i t  i s  c o n s id e r e d  t h a t  a r e a d in g  o f  
o v e r  40 mgm/100 m l.  sh o u ld  be r e g a r d e d  w i th  s u s p i c i o n  and 
w a r r a n t s  some e x p l a n a t i o n .
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I t  m ust be remembered t h a t  i n  th e  e s t i m a t i o n  o f  t h e
p r o t e i n  c o n te n t  o f  th e  c e r e b r o s p i n a l  f l u i d ,  t h e r e  i s  a
c o n s id e r a b le  m arg in  o f  e r r o r  owing to  t h e  c a l o r i m e t i c  
n a t u r e  o f  th e  t e s t *  (P e r s o n a l  com m unica tion  from D r .G le e so n  
W h ite ,  U n i v e r s i t y  B a c t e r i o l o g i s t  to  A ddenbrooke*s H o s p i t a l ) .
C o n c lu s io n s  t o  be drawn from  i n v e s t i g a t i o n  of th e  
C e r e b r o s p in a l  F l u i d  i n  174 c a s e s  of Acute P o l i o m y e l i t i s .
1 .  11% re c o rd e d  no a b n o rm a l i ty  i n  th e  c e r e b r o s p in a l  
f l u i d  a s  r e g a r d s  c e l l  or p r o t e i n  c o n te n t*
2 .  G ra n u lo c y te s  and lym p hocy tes  w ere  p r e s e n t  
t o g e t h e r  i n  60% o f  th e  c a s e s .
3 .  I n  15% of th e  c a s e s  t h e r e  was a p re p o n d e ra n c e  o f
g r a n u l o c y te s  o v e r  lym phocy tes  * The p re p o n d e ra n c e  was
o n ly  found  when a lum bar p u n c tu re  was p e rfo rm ed  w i t h i n  f o u r
*
days o f  th e  commencement of th e  m a jo r  i l l n e s s .
4 .  The i n c r e a s e  i n  p r o t e i n  was o n ly  m o d e ra te .
5 .  The su g a r  c o n te n t  of th e  c e r e b r o s p i n a l  f l u i d  was 
w i t h i n  norm al l i m i t s  i n  e v e ry  c a s e .
6 .  An e s t i m a t i o n  o f  t h e  c h l o r i d e s  c o n te n t  done i n  
65% of t h e  c a s e s  showed t h i s  t o  be w i t h i n  norm al l i m i t s  
i n  e a c h  c a s e .
-  16 -
B lood E x a m in a t io n .
A t o t a l  and d i f f e r e n t i a l  w h i te  c e l l  coun t was done 
i n  24% of t h e  n o n - p a r a l y t i c  c a s e s .  The r e s u l t s  a r e  
shown i n  F i g .  8 .
FIGURE 8*
DIFFERENTIAL WHITE CELL COUNT IN 12 CASES OF 
NON-PARALYTIC POLIOMYELITIS.
NAME AGE TOTAL COUNT % OF LYMPH
J.M . 5 y r s 16 ,400 1 3 .0
j .w . 32 » 9 ,5 0 0 1 4 .5
T .Y . 11 tr 6 ,6 0 0 3 4 .0
S .T . 9 t* 6 ,300 2 4 .5
M.Y. 19 *t 9 ,9 0 0 1 5 .5
M .P. 6 n 6 ,0 0 0 1 2 .0
J.W. 38 n 8 ,0 0 0 2 3 .0
D .S . 5 n 1 3 ,000 5 .5
P . P . f t 6 ,9 0 0 3 1 .5
R .B . 1 7 w 5 ,3 0 0 1 7 .0
D.B. 3 M 13 ,0 00 2 1 .0
F .K . 21 if 4 ,2 0 0 1 9 .0
The t o t a l  w h i te  c e l l  cou n t i n  t h r e e  o f  t h e s e  c a s e s  
was o v e r  1 0 ,0 0 0 .  The lo w e s t  t o t a l  w h i te  c e l l  co u n t was 
4 ,2 0 0 .  The p e r c e n ta g e  o f  ly m p h o cy tes  v a r i e d  from 5.5%
" t o  34%.
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PART TWO
C l i n i c a l  F in d in g s  i n  I I  C ases o f  Aoute I n f e c t i v e  E n c e p h a l i t i s  
Occurring!; i n  th e  V i l l a g e  o f  B ourn , Cambridge s h i r e .
T h is  o u tb r e a k  o c c u r r e d  i n  th e  l a t t e r  h a l f  o f  O c to b e r  
and e a r l y  November 1955 ,
The f i r s t  c a se  o c c u r r i n g  was t h a t  o f  M .B .,  a  boy aged 
5 y e a r s ,  who was a d m i t te d  to  A ddenbrooke*s H o s p i t a l ,  
Cam bridge, on th e  22nd O c to b e r  (See F i g ,  9 ) ,  The c a se  
h i s t o r y  showed an  i l l n e s s  o f  f i v e  days d u r a t i o n .  He 
com pla ined  o f  b a ck a ch e ,  v o m i t in g ,  headache  and s o re  t h r o a t .
A lum bar p u n c tu re  was p e rfo rm ed  a t  t h i s  h o s p i t a l .  The 
c e r e b r o s p i n a l  f l u i d  c o n ta in e d  436 ly m p h o cy tes /cm .
36 g r a n u lo c y te  s/em., p r o t e i n  60 mgm/lOO m l . ,  s u g a r  57 mgm/ml. 
He was d e t a in e d  in  h o s p i t a l  f o r  5 d a y s ,  th e n  b e in g  s e n t  home. 
O n ‘th e  2 5 th  O c to b e r ,  t h e r e  was a d m i t te d  to  A ddenbrooke*s 
H o s p i t a l ,  from  th e  same v i l l a g e ,  R .C . ,  a baby o f  6 m on ths .  
T h is  baby had  been  i l l  s in c e  th e  22nd O c to b e r ,  w i t h  f e v e r ,  
v o m it in g  and g e n e r a l  m a l a i s e .  A lum bar p u n c tu re  was 
p e r fo rm e d .  The s p i n a l  f l u i d  c o n ta in e d  730 lym pho cy tes  p e r  
cu.mm., 48 g r a n u l o c y te s  p e r  eu.mm., p r o t e i n  70 mgm/lOO m l . ,  
s u g a r  57 mgm/lOO m l.  H is  c o n d i t i o n  im proved r a p i d l y  and he 
was d i s c h a rg e d  from  h o s p i t a l  on t h e  2 8 th  O c to b e r .
•  18 -
The c l i n i c a l  d e t a i l s  o f  t h e s e  two e a s e s ,  M.B. and 
R .C . ,  have been  o b ta in e d  from th e  r e c o r d s  a t  A ddenbrooke*s 
H o s p i t a l ,  th ro u g h  th e  c o u r t e s y  o f  D r .D o u g la s  G a i rd n e r ,  
C o n s u l ta n t  P a e d i a t r i c i a n  a t  th e  h o s p i t a l .
On O c to b e r  2 8 th ,  M.M., a g i r l  o f  12 y e a r s  o f  a g e ,  was 
a d m i t te d  to  B r o o k f i e ld s  H o s p i t a l ,  s u f f e r i n g  from  a c u te  
i n f e c t i v e  e n c e p h a l i t i s .  Two days l a t e r ,  on th e  3 0 th  
O c to b e r ,  h e r  m o th e r  M rs . I .M . ,  aged 37 y e a r s ,  was a d m i t te d  
w i th  a s i m i l a r  i l l n e s s .
On t h e  6 th  November f i v e  c a s e s  w ere  a d m i t te d  t o  
B r o o k f i e ld s  H o s p i t a l  w i th  s ig n s  and  symptoms o f  a c u te  
i n f e c t i v e  e n c e p h a l i t i s .  The h i s t o r y  o f  t h e s e  c a s e s ,  
a d m i t te d  on th e  6 th  November, i n d i c a t e d  d i r e c t  o r  i n d i r e c t  
c o n ta c t  w i th  th e  two e a s e s  o f  a c u te  i n f e c t i v e  e n c e p h a l i t i s  
a d m i t te d  to  Addenbrooke*s H o s p i t a l  on th e  22nd and 2 5 th  
O c to b e r ,  (F ig .  9 ) .
Two o f  th e  c a s e s  a d m i t te d  on November 6 th  were n u r s e s  
from Addenbrooke*s H o s p i t a l  who had n u rse d  M.B. and R .C ., 
when t h e s e  c h i l d r e n  w ere  p a t i e n t s  i n  t h e  C h i l d r e n s  Ward 
t h e r e  from th e  22nd to  t h e  2 8 th  O c to b e r .
The re m a in in g  t h r e e  c a s e s  a d m i t te d  on th e  6 th  November 
came from  th e  Bourn a r e a .  Two o f  them were b r o t h e r s ,  G.R. 
and L .R . ,  aged 17 y e a r s  and 15 y e a r s  r e s p e c t i v e l y .
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The f u r t h e r  a d m is s io n  on t h e  6t h  November was L .M.,  
a  member o f  t h e  M. f a m i l y ,  a l s o  from B ourn ,  h e r  s i s t e r  
M.M. and h e r  m o th e r  I .M .  h a v in g  been  a d m i t t e d  to  
B r o o k f i e l d s  H o s p i t a l  on t h e  2 8 th  and 3 0 th  O c to b e r  
r e s p e c t i v e l y .
There  was a f u r t h e r  a d m is s io n  from Bourn on t h e  9 th  
November, Mr. aged 29 y e a r s ,  who lo d g ed  w i t h  t h e
R. f a m i l y ,  t h e  two Bf s ,  L .B .  and G .R . ,  h a v in g  been  
a d m i t t e d  on th e  6t h  November.
The l a s t  a d m i s s io n  o f  t h i s  group  o f  c a s e s  was M r .R .K . ,  
aged  26 y e a r s ,  who was a d m i t t e d  on t h e  1 1 th  November. He 
was t h e  husband  o f  M rs .  E .K . ,  one o f  t h e  n u r s e s  who had 
a t t e n d e d  t h e  o r i g i n a l  two p a t i e n t s  a d m i t t e d  t o  Addenbrookef s 
H o s p i t a l .
H eadache ,  backache  and v o m i t i n g ,  were  t h e  most common 
*
symptoms com pla ined  o f .  O th e r  symptoms, l e s s  p r e v a l e n t ,  
were  s o r e  t h r o a t ,  l imb p a i n s  and p h o to p h o b ia .
A b i p h a s i c  e lem en t  was n o te d  i n  t h e  c a se  o f  M rs .E .K .
A l l  t h e  p a t i e n t s  had a r a i s e d  t e m p e r a t u r e  on a d m i s s io n ,  
v a r y i n g  from 9 9 .6 °  t o  1 0 3 . 6 ° .  A l l  had s i g n s  o f  meningism, 
w i t h  s t i f f  n e ck ,  s p i n a l  and h a m s t r i n g  spasm. Two o f  them 
had ny s tag m us .  None had any m u sc u la r  w e a k n e s s .  No s e n s o r y
-  2 1  -
changes  and no c h a r a c t e r  changes  were  n o t e d .  Tendon 
r e f l e x e s  were i n c r e a s e d .  No o t h e r  a b n o r m a l i t y  o f  t h e  
c e n t r a l  ne rv o u s  sys tem  was f o u n d .
L a b o r a t o r y  I n v e s t i g a t i o n s  (See Fig* 1 0 ) .
A l l  th e  c a s e s  showed a b n o r m a l i t i e s  i n  t h e  c e r e b r o s p i n a l  
f l u i d ,  t h e  lym phocy tes  b e in g  i n c r e a s e d  i n  a l l  c a s e s .  The 
g r a n u l o c y t e s  were i n c r e a s e d  i n  8 o f  t h e  11 c a s e s .
FIGURE 10 RESULTS OF AN INVESTIGATION OF 11 CASES OF 
ACUTE INFECTIVE ENCEPHALITIS AT BOURN.
NAME DAY CEREBROSPINAL B L O O D POLIO











LEUC. LYMPH BUNNELL IN
FAECES
M.B. 5 26 436 60 57 NOT TESTES - -
R .C . 3 48 730 70 57 5700 47 - -
M.M. 3 40 502 70 51 5000 26 - -



















G.R. 4 6 72 55 56 6300 37 - -














L M  * 2 10 14 35 75 5800 24 - -
HJXM, 2 6 30 55 64 NOTTESTED -
NOT
TESTED -
R.K. 3 30 L180 170 66 11000 10 - -
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I n  t h e  c a se  o f  t h e  p a t i e n t  L . R . ,  a lum bar  p u n c tu r e  
pe r fo rm ed  on t h e  second  day o f  h i s  i l l n e s s  r e v e a l e d  no 
a b n o rm a l i t y *  The lumbar  p u n c tu r e  was r e p e a t e d  on t h e  
s e v e n t h  day of  h i s  i l l n e s s  when t h e r e  was a t o t a l  coun t  
o f  288 c e l l s  p e r  cu.mm., o f  w hich  267 were  ly m p h o c y te s .
The h i g h e s t  number o f  lym phocy tes  fo u nd  i n  t h e  
c e r e b r o s p i n a l  f l u i d  i n  t h i s  s e r i e s  was 1180,  from a lumbar  
p u n c t u r e  p e r fo rm ed  on t h e  t h i r d  day of  i l l n e s s .  The lo w e s t  
lymphocyte  count  was 10, lumbar  p u n c tu r e  i n  t h i s  c a se  a l s o  
b e in g  p e r fo rm ed  on t h e  t h i r d  d a y .  The h i g h e s t  g r a n u l o c y t e  
count  was 48 p e r  cu.mm., and i n  t h r e e  c a s e s  l e s s  t h a n  3 
g r a n u l o c y t e s  p e r  cu.mm. were  f o u n d .  I n  no c ase  was t h e r e  a 
p re p o n d e ra n c e  o f  g r a n u l o c y t e s  o v e r  ly m p h o c y te s .
I n  10 o f  t h e  11 c a s e s  t h e  c e r e b r o s p i n a l  f l u i d  p r o t e i n  
was r a i s e d .  I n  o n l y  one c a s e  was i t  o v e r  100 mgm/100 m l . ,  a 
r e a d i n g  o f  170 mgm/lOO m l .  The s u g a r  c o n te n t  o f  t h e  c e r e b r o ­
s p i n a l  f l u i d  was w i t h i n  t h e  normal l i m i t s  i n  a l l  e a s e s .
A t o t a l  w h i t e  and d i f f e r e n t i a l  b lood  count  was done i n  
e i g h t  o f  t h e  e l e v e n  c a s e s .  The h i g h e s t  t o t a l  count  was 
1 1 ,000  ( in  two c a s e s ) . The p e r c e n t a g e  o f  lym phocy tes  i n  t h e  
p e r i p h e r a l  b lo o d  v a r i e d  from 6% t o  47%. A P a u l  B u n n e l l  t e s t  
was n e g a t i v e  i n  a l l  o f  t h e  e i g h t  c a s e s  on w h ich  a d i f f e r e n t i a l  
w h i t e  b lo o d  count  was d o n e .  The e r y t h r o c y t e  s e d i m e n t a t i o n
-  23 -
r a t e  was examined i n  s i x  o f  t h e  c a s e s .  I n  t h e  c a se  o f  th e
p a t i e n t  L .M .,  t h e r e  was a marked i n c r e a s e  t o  30 ,  o t h e r w i s e
t h e  i n c r e a s e  was s l i g h t .
V i r u s  I n v e s t i g a t i o n ,
F a e e e s  from a l l  t h e  Bourn c a s e s  y i e l d e d  n e g a t i v e  r e s u l t s
f o r  p o l i o m y e l i t i s  v i r u s ,  and f o r  t h e  C oxsack ie  g roup  o f
v i r u s e s .  One o f  t h e  E .C .H .O .  group  o f  v i r u s e s ,  however ,  was
i s o l a t e d  from f o u r  o f  t h e  Bourn  c a s e s .
The method used  was e s s e n t i a l l y  t h a t  d e s c r i b e d  by Z i t c e r
e t  a l  (19 5 5 ) .  F o e t a l  membranes from w hich  t h e  p l a c e n t a  had
been  removed were  p l a c e d  a s e p t i c a l l y  i n  s t e r i l e  sc rew -capped
j a r s  and t h e s e  were h e l d  a t  4°C i n  a r e f r i g e r a t o r  u n t i l  u s e d .
Where p o s s i b l e ,  membranes were  u sed  l e s s  t h a n  10 h o u r s  a f t e r
d e l i v e r y  b u t ,  o c c a s i o n a l l y ,  s a t i s f a c t o r y  r e s u l t s  were o b t a i n e d
w i t h  membranes s t o r e d  f o r  13 h o u r s .
The amnion was s t r i p p e d  from t h e  c h o r i o n ,  c u t  i n t o  p i e c e s
1 i n c h  s q u a r e ,  washed t o  remove e x c e s s  mucus and b lo o d  w i t h
c o ld  p h o sp h a te  b u f f e r e d  s a l i n e  (PBS) (Dulbecco and Vogt ,  1954)
and t r e a t e d  w i t h  s u c c e s s i v e  40 m l .  a l i q u o t e  o f  0 .2 5 $  D ifco
t r y p s i n  i n  PBS, p r e v i o u s l y  warmed t o  37°C.  The sys tem  was
om a i n t a i n e d  a t  37 C on a warm p l a t e  and a g i t a t e d  w i t h  a m ag n e t ic  
s t i r r e r .  Every  15 m in u te s  t h e  s u p e r n a t a n t  w hich  c o n ta in e d  
e p i t h e l i a l  c e l l s  which had s e p a r a t e d  from t h e  amnion s h e e t s
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was p o ured  o f f  i n t o  a 200 m l .  c e n t r i f u g e  b o t t l e  w hich  was
c o o le d  i n  an i c e  b a t h .  F r e s h  t r y p s i n  was t h e n  added t o
t h e  amnion.  A t o t a l  o f  6 such t r y p s i n a t i o n s  was c a r r i e d
o u t .  The s u s p e n s io n s  c o n t a i n i n g  e p i t h e l i a l  c e l l s  were
p o o le d  and t h e  whole  was c e n t r i f u g e d  a t  100 r . p . m .  f o r  10
m in u te s  i n  a h o r i z o n t o l  c e n t r i f u g e .  A f t e r  w ash in g  once i n
PBS t h e  c e l l s  were  suspended  i n  10 m l .  o f  a medium c o n t a i n i n g
20% human serum and 0.5% l a c t a l b u m i n  h y d r o l y s a t e  i n  G e y 's
(1949) b a l a n c e d  s a l t  s o l u t i o n .  A f t e r  a c e l l  coun t  was made
t h e  c e l l  s u s p e n s io n  was d i l u t e d  w i t h  t h e  same medium so a s  t o
c o n t a i n  n o t  l e s s  t h a n  500 ,000  c e l l s  p e r  m l .  1 m l .  q u a n t i t i e s
were  p i p e t t e d  i n t o  5 x f n p y rex  t u b e s  which  were  s t o p p e r e d
w i t h  s i l i c o n e  bungs and i n c u b a t e d  s t a t i o n e r y  a t  37°C i n c l i n e d  
oa t  5 from t h e  h o r i z o n t a l .
»
A f t e r  t h r e e  d a y s '  i n c u b a t i o n  a t  37°C s h e e t s  o f  e p i t h e l i a l  
c e l l s  had begun t o  s p r e a d  over  t h e  g l a s s  s u r f a c e .  The medium 
was poured  o f f  and r e p l a c e d  by 1 m l .  o f  a medium c o n t a i n i n g  
10% normal r a b b i t  serum ( p r e v i o u s l y  h e a t e d  a t  60°C f o r  20 
m in u te s )  and 0.5% l a c t a l b u m i n  h y d r o l y s a t e  i n  G e y 's  s o l u t i o n .  
A f t e r  a f u r t h e r  t h r e e  days* i n c u b a t i o n ,  a c o n f l u e n t  s h e e t  o f  
f l a t t e n e d  c u b o id a l  c e l l s  w i t h  c l e a r  cy to p lasm  and l a r g e  
rounded  o r  o v a l  n u c l e u s  had fo rm ed .  The c e l l s  were now re a d y  
f o r  i n o c u l a t i o n  w i t h  v i r u s .
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Im m e d ia te ly  p r i o r  t o  i n o c u l a t i o n ,  t h e  c u l t u r e s  were 
washed tw ic e  w i t h  Gey’ s s o l u t i o n .  F i n a l l y ,  1 m l .  q u a n t i t i e s  
o f  a m a in ten a n ce  medium c o n s i s t i n g  o f  5 %  norm al  r a b b i t  serum 
and o .2 5 $  l a c t a l b u m i n  h y d r o l y s a t e  i n  Gey’ s s o l u t i o n  were 
added t o  each  tu b e  and th e  v i r u s  i n o c u l a t i o n  was made i n t o  
t h i s  f l u i d .  U n in o c u la t e d  c u l t u r e s  rem a ined  i n t a c t  i n  t h i s  
m a in te n a n c e  medium f o r  a t  l e a s t  f i v e  d a y s .
A l l  media  w hich  were used  d u r i n g  t h e  g row th  and m a in ten a n ce  
o f  t h e  t i s s u e  c u l t u r e s  c o n ta in e d  p e n i c i l l i n  100 u n i t s  p e r  m l .  
s t r e p t o m y c i n  100 p e r  m l .  and N y s t a t i n  fSquibb) 40 u n i t s  p e r  m l.
I s o l a t i o n  o f  V i r u s  from F a e c e s  o r  R e c t a l  Swabs. F a e c e s  were 
c o l l e c t e d  l e s s  t h a n  one week a f t e r  o n s e t  o f  i l l n e s s  and were  
s t o r e d  i n  sc rew -ca p p ed  j a r s  a t  -2 0 ° C .  A f t e r  thaw in g ,  a -J-rt 
p e l l e t  o f  f a e c e s  was ground  i n  a s t e r i l e  m o r t a r  and e x t r a c t e d  
w i t h  10 m l .  o f  c o ld  PBS. The s u s p e n s i o n  was c e n t r i f u g e d  a t  
8000 r . p . m .  f o r  25 m in u te s  i n  an a n g le  c e n t r i f u g e ,  th e  head  o f  
which  was p r e v i o u s l y  coo le d  a t  -2 0 °C .  The c l e a r  s u p e r n a t a n t  
which  was now f r e e  o f  b a c t e r i a  was s t o r e d  i n  sc rew -cap p ed  
b o t t l e s  a t  -2 0 ° C .
R e c t a l  swabs were e x t r a c t e d  w i t h  2 m l .  o f  m ain ten a n ce  
medium. The e x t r a c t  was c e n t r i f u g e d  and s t o r e d  i n  t h e  same 
manner as  t h e  f a e c a l  e x t r a c t s .
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F a e c a l  e x t r a c t  i n  0 , 1  m l .  a l i q u o t s  was i n o c u l a t e d  i n t o  
e a c h  o f  t h e  two c u l t u r e  t u b e s  c o n t a i n i n g  1 m l .  o f  m a in ten an ce  
medium. The c u l t u r e s  were o b se rv e d  d a i l y  f o r  5 d a y s .  When 
more t h a n  h a l f  t h e  c e l l s  were rounded up ,  w i t h  sh runken  
n u c l e i  and opaque,  g r a n u l a r  c y to p la s m ,  so t h a t  th e  s h e e t  o f  
c e l l s  was d i s r u p t e d ,  i t  was c o n s i d e r e d  l i k e l y  t h a t  v i r u s  was 
p r e s e n t  i n  t h e  f a e c a l  e x t r a c t .  The s u p e r n a t a n t  f l u i d s  were  
h a r v e s t e d ,  p o o le d  and s t o r e d  a t  -20°C t o  a w a i t  f u r t h e r  
i d e n t i f i c a t i o n .  C y to p a th o g e n ic  e f f e c t s  were  u s u a l l y  w e l l  
d e v e lo p ed  on t h e  t h i r d  o r  f o u r t h  d a y .
T yp ing  o f  v i r u s  s t r a i n s . V i r u s  s t r a i n s  were  ty p e d  a c c o r d i n g  
t o  t h e  method o f  S y v e r to n  (1956) u s i n g  e i g h t  t u b e s  o f  human 
amnion c u l t u r e s .  Type s p e c i f i e d  a n t i s e r a  p r e p a r e d  i n  monkeys 
a g a i n s t  p o l i o m y e l i t i s  t y p e s  1 , 11 and 111 w h ich  were  u s e d ,  were  
o b t a i n e d  th ro u g h  th e  c o u r t e s y  o f  D r .  D . G . f f .  Edward.
T i t r a t i o n  o f  v i r u s . S e r i a l  t e n f o l d  d i l u t i o n s  o f  f i r s t  o r  
second  p a s s a g e  v i r u s  i n  t i s s u e  c u l t u r e  f l u i d  were  made i n  
m a in ten a n ce  medium. 0.1 m l .  a l i q u o t s  o f  t h e s e  d i l u t i o n s  were 
i n o c u l a t e d  i n t o  each  o f  two t u b e s .  The t u b e s  were  o b se rv ed  
d a i l y  f o r  4 d a y s .  One t i s s u e  c u l t u r e  i n f e c t i v e  dose  (TCD) 
was th e  r e c i p r o c a l  o f  t h e  h i g h e s t  d i l u t i o n  o f  s t o c k  v i r u s  which 
caused  advanced  c y to p a th o g e n ic  e f f e c t s  i n  one o r  bo th  c u l t u r e  
t u b e s  a f t e r  i n o c u l a t i o n  o f  0.1 m l .
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N e u t r a l i s a t i o n  t e s t . Serum sam ples  w h ich  were o b t a i n e d  from 
p a t i e n t s  and c o n t a c t s  were  s t o r e d  a t  - 20°0 u n t i l  t e s t e d .
S e r i a l  f i v e f o l d  d i l u t i o n s  of  serum were made i n  M ix tu re  199 
(Morgan e t  a l .  1949) o r  G e y ' s  s o l u t i o n  commencing a t  1 / 1 0 .
An e q u a l  q u a n t i t y  o f  v i r u s ,  d i l u t e d  i n  m a in ten a n ce  medium to  
c o n t a i n  1000 TCD was a d d ed .  The s e r u m - v i r u s  m i x t u r e s  were 
h e l d  a t  room t e m p e r a t u r e  f o r  be tw een  15 and 45 m in u te s  a f t e r  
which  0 .7 5  m l .  a l i q u o t s  were  added to  each  o f  two c u l t u r e  t u b e s  
from which  a l l  f l u i d  had b een  removed. The t u b e s  were  o b se rv ed  
d a i l y  f o r  4 d a y s .  V i r u s  c o n t r o l s  and u n i n o c u l a t e d  c u l t u r e s  
were  a lw ays  i n c l u d e d  i n  e v e r y  t e s t .  The t i t r e  o f  th e  serum 
was e x p r e s s e d  a s  th e  r e c i p r o c a l  o f  t h e  h i g h e s t  d i l u t i o n  
which cau sed  i n h i b i t i o n  o f  c y to p a th o g e n i c  e f f e c t  i n  one o r  
b o th  c u l t u r e  t u b e s .
VIRUS ISOLATIONS
V iru s  was i s o l a t e d  from t h e  f a e c e s  o f  two p a t i e n t s  L .M.,  
and L .R .  by i n o c u l a t i o n  o f  human amnion c e l l  c u l t u r e s  w i t h  
e x t r a c t s  o f  f a e c e s  o b t a i n e d  on t h e  second  and t h i r d  day o f  
i l l n e s s  r e s p e c t i v e l y .  These  two v i r u s e s  behaved s i m i l a r l y  
i n  t i s s u e  c u l t u r e  and s e r o l o g i c a l l y  t h e y  were  i n d i s t i n g u i s h a b l e  
( F i g . 1 1 ) .  From t h e  same s t o o l  specim en  t a k e n  from L .R .  on 
t h e  t h i r d  day  o f  i l l n e s s ,  v i r u s  was i s o l a t e d  i n  t h e  c u l t u r e s
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o f  monkey k id n ey  c e l l s .  Us ing  monkey k id n ey  c u l t u r e s ,
Dr .  G. P .  B. B o i s s a r d  o f  t h e  V i r u s  R e fe re n c e  L a b o r a t o r y ,  
C o l i n d a l e ,  i s o l a t e d  v i r u s  from f a e c e s  o f  p a t i e n t s  E.K. 
t a k e n  on t h e  6t h  day o f  i l l n e s s  and from C.W. on t h e  7 th  
d a y .  These  v i r u s e s  were  a n t i g e n i c a l l y  s i m i l a r  t o  v i r u s  
i s o l a t e d  from L .R .
F a e c e s  were o b t a i n e d  from s i x  o t h e r  p a t i e n t s  be tween 
3 and 7 days a f t e r  o n s e t  o f  i l l n e s s .  No v i r u s  was i s o l a t e d  
when f a e c a l  e x t r a c t s  were i n o e u l a t e d  i n t o  human amnion c u l t u r e s .  
(F ig u r e  1 2 ) .  No specimen o f  f a e c e s  was a v a i l a b l e  from M.B.,  
t h e  f i r s t  p a t i e n t  o f  t h e  s e r i e s .
The v i r u s  which  was i s o l a t e d  from p a t i e n t  L .R .  h a s  been  
named "Bourn v i r u s  s t r a i n  L .R . "  i’o r  most o f  t h e  t e s t s  t o  be 
d e s c r i b e d  i n  t h i s  p a p e r ,  t h e  s e e d  v i r u s  was t i s s u e  c u l t u r e  
f l u i d  e i t h e r  from i t s  f i r s t  p a s s a g e  i n  human amnion c u l t u r e s  
o r  from i t s  second p a s sa g e  i n  monkey k id n ey  c u l t u r e s .  The 
i s o l a t i o n  i n  monkey c u l t u r e  was made a t  a  t im e  when o n l y  w e l l  
c h a r a c t e r i s e d  v i r u s e s  were b e in g  u se d  i n  th e  l a b o r a t o r y ,  and 
i t  was n o t  due t o  c o n ta m i n a t i o n  w i t h  any o f  t h e s e  a g e n t s .
The i s o l a t i o n  i n  human amnion c u l t u r e  was made 3 months l a t e r  
from t h e  same f a e c a l  e x t r a c t .  I n  human amnion c u l t u r e s  some 
c y to p a th o g e n i c  e f f e c t  was o b se rv e d  on t h e  t h i r d  day a f t e r  
i n o c u l a t i o n  o f  f a e c a l  e x t r a c t  and t h i s  was com ple te  on t h e  
f o u r t h  d a y .  I n  su b s e q u e n t  p a s s a g e s ,  com ple te  c y to p a th o g e n i c
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e f f e c t  was o b se rv ed  on t h e  second  d a y .  The c y t o p a th o g e n i c  
e f f e c t  was i n d i s t i n g u i s h a b l e  from t h a t  c aused  by p o l i o m y e l i t i s  
v i r u s  ( F i g ,  1 1 ) .  The t i t r e  o f  f i r s t  and second  a m n i o t i c  
p a s s a g e  . v i r u s  was 10“6#0 i n  human amnion c u l t u r e .  I n  monkey 
k i d n e y  c u l t u r e  c y to p a th o g e n i c  e f f e c t  was com ple te  on t h e  
second  day i n  t h e  c a se  o f  b o t h  p r im a r y  i s o l a t i o n ,  second  
p a s s a g e  and t h i r d  p a s s a g e .  The t i t r e  o f  second  p a s s a g e  
v i r u s  was 10“6#0 i n  b o th  monkey k id n ey  a n d  human amnion 
c u l t u r e s .
Bourn v i r u s  i n  second a m n io t i e  p a s s a g e  p a s s e d  t h r o u g h  
a S e i t z  EK f i l t e r  w i t h o u t  l o s s  o f  t i t r e .  V i r u s  i n  f i r s t  
a m n i o t i c  p a s s a g e  and second  monkey k id n e y  p a s s a g e  h a s  been  
s t o r e d  a t  -E0°Z w i t h o u t  l o s s  o f  t i t r e  f o r  o v e r  t h r e e  m onths ,  
d e s p i t e  r e p e a t e d  f r e e z i n g  and th a w in g .  Some i n f e c t i v i t y  was
i
p r e s e r v e d  by l y o p h i l i s a t i o n  i n  a c e n t r i f u g a l  f r e e z e  d r i e r ,
4
b u t  t h e  t i t r e  was r e d u c ed  a b o u t  10 t i m e s .
S t r a i n s  o f  Bourn v i r u s  which  were i s o l a t e d  from L .R .  
and L.M. were  n o t  n e u t r a l i s e d  by a n t i s e r u m  p r e p a r e d  a g a i n s t  
p o l i o m y e l i t i s  t y p e s  1 ,  11 and 111 .  S t r a i n  was n o t  n e u t r a l i s e d  
by a n t i s e r a  to  t y p e s  A2 , A3 >A4 ,A5 ,A6 >A9 ,B1 , b 3 ,B4 , and Bg, 
Coxsack ie  v i r u s e s .  These Coxsack ie  a n t i s e r a  were k i n d l y  
s u p p l i e d  by D r .  D .A .J .  T y r r e l l .  The s t r a i n s  o f  v i r u s  w hich
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FIGURE I I .  SEROLOGICAL RELATIONSHIPS OF VIRUSES 





SERUM TITRE AGAINST STRAIN 





L .R . 3 <10 x <10 x
50 + 50
L*M. 2 <10 <10
>100 >100
E.K. 6 *^ 10 50
250 >250
C.W* 7 <10 50
>50 50
B*M. NO T ILL <10 <10
>50 , >250
A.D. £ 3 <10 250
>50 250
x T i t r e  o f  "Acute*  serum.
-  T i t r e  o f  " C o n v a le s c e n t*  serum*
% S i n g l e  e a s e  which  o c c u r r e d  i n  a n o t h e r  
v i l l a g e  2 months a f t e r  Bourn c ase s*
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FIGURE 1 2 . NEUTRALISATION TESTS AGAINST BOURN VIRUS.
-CASES CONTACTS
NAME
V ir u s  i s o ­
l a t i o n  i n  
f a e c e s  
( s t r a i n )
Days
a f t e r
o n s e t
Ant ibody  t i t r e  
a g a i n s t  
Bourn 
V i r u s
NAME
Days
a f t e r
f i r s t
c a se
. .... . ....-*r
Antibody  t i t r e  
a g a i n s t  
Bourn 
V i r u s







R.C 0 4 50 H.ZB. 24 10
16 250 49 10
M.M 0 250 R.0£. 23 10020 250 43 100
I.M, 0 3 50 E A £. 23 1016 250 43 10
C.W. 1 * 6 250 P . L . 23 100T 18 250 43 100
E.K, I * 5 10 D.L. 23 100t 17 50 43 100
G.R. 0 5 10 E.R.B 23 100
18 250 43 100
L.R. 4* 3 10 J . R . 23 10016 50 43 100
L.M • + 2 10 P .R . 23 10
13 250 49 50
HJ)Ji 0 3 10 B .R. 21 10
13 250




I s o l a t e d  i n  monkey c u l t u r e  
by Dr. G .P .B .  B o i s s a r d .
Bourn v i r u s  i s o l a t e d  from a 
r e c t a l  swab c o l l e c t e d  on 
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■were i s o l a t e d  from p a t i e n t s  E .K .  and C.W. were no t  
n e u t r a l i s e d  by p o l i o m y e l i t i s  a n t i s e r a  t y p e s  I ,  I I  and 
I I I  ( B o i s s a r d ,  p e r s o n a l  c o m m u n ica t io n ) .
L y o p h i l i s e d  Bourn v i r u s  was s e n t  to  D r .  J .  L .  M eln ick  
o f  Ya le  U n i v e r s i t y ,  S e c t i o n  of P r e v e n t i v e  M e d ic in e .  He h a s  
r e p o r t e d  t h a t  Bourn v i r u s  b e lo n g s  to  t h e  E .C .H .O .  group  o f  
v i r u s  type  9 .
I n o c u l a t i o n  o f  lCr  i n f e c t i v e  d o se s  of human a m n i o t i c  
and monkey k id n e y  p a s sa g e  v i r u s  f a i l e d  c o n s i s t e n t l y  to  
c au se  any c y to p a th o g e n ic  e f f e c t  i n  c u l t u r e s  of human 
e p i t h e l i a l  c e l l s  s t r a i n  HeLa.
A t o t a l  o f  11 l i t t e r s  o f  newborn mice have been i n j e c t e d
i n t r a c e r e b r a l l y  w i t h  Bourn v i r u s  s t r a i n  L.R. Each mouse 
4r e c e i v e d  10 TCD of  v i r u s  s u s p e n s i o n s  i n  m a in te n a n c e  medium. 
D ea ths  w hich  o c c u r r e d  b e f o r e  the  4 t h  day a f t e r  i n o c u l a t i o n  
were n o t  c o n s i d e r e d  due to  v i r u s .  One o r  more mice  i n  e ach  
o f  5 l i t t e r s  rem ained  normal  f o r  a t  l e a s t  11 days a f t e r  
i n j e c t i o n .  In  each of  6 l i t t e r s  some mice were found  dead 
be tw een  5 and 11 days a f t e r  i n j e c t i o n ,  b u t  t h e s e  mice were 
not s i c k  on t h e  p r e v i o u s  day .  Between th e  6 t h  and 10 th  day 
a f t e r  i n j e c t i o n  8 mice which came f rom  6 l i t t e r s  showed 
g e n e r a l i s e d  w a s t i n g  and w eakness  i n  one or more l im bs  one
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day  b e f o r e  d e a t h .  V i r u s  c o n c e n t r a t i o n  was h i g h  i n  t h e  t o r s o s  
of  s i c k  mice but  low i n  t h e  b r a i n s .  P a s s a g e  o f  t o r s o  
s u s p e n s i o n  i n t r a c e r e b r a l l y  t o  o t h e r  newborn mice a t  10~^ 
d i l u t i o n  caused  w a s t i n g  and l imb p a r a l y s i s  i n  4 mice ou t  o f  6 
b e lo n g i n g  t o  one l i t t e r  9 to 10 d a y s  a f t e r  i n j e c t i o n .  V i ru s  
was p r e s e n t  to  h i g h  t i t r e  i n  t h e  t o r s o s  o f  t h e s e  m ic e .
A t o t a l  of 10 l i t t e r s  of  newborn mice were  i n j e c t e d  
i n t r a c e r e b r a l l y  w i th  m a in te n a n c e  medium o n l y .  A l l  mice i n  5 
l i t t e r s  d i e d  between 2 and 7 days a f t e r  i n o c u l a t i o n ,  b u t  some 
mice i n  t h e  r e m a in in g  5 l i t t e r s  s u r v i v e d  a t  l e a s t  11 d a y s .
H i s t o l o g i c a l  s e c t i o n s  were  p r e p a r e d  from b r a i n  and 
a n t e r i o r  abdom inal  w a l l  of mice 5 t o  10 d ay s  a f t e r  i n o c u l a t i o n
i
o f  Bourn v i r u s .  No ch an g e s  s u g g e s t i v e  of  i n f e c t i o n  w i t h  
C oxsack ie  v i r u s  were d e t e c t e d .
No i l l n e s s  was p roduced  f o l l o w i n g  i n o c u l a t i o n  of  Bourn 
v i r u s  i n t o  weaned mice 3 to  4 weeks o ld  e i t h e r  by t h e  i n t r a ­
c e r e b r a l  o r  t h e  i n t r a p e r i t o n e a l  r o u t e .  No l e s i o n s  were  
d e t e c t e d  f o l l o w i n g  i n o c u l a t i o n  ofBourn  v i r u s  i n t o  t h e  y o lk  
s a c  or on t h e  c h o r i o a l l a n t o i s  of  f e r t i l e  hen  e g g s .
A l though  t h e  Bourn v i r u s  b e lo n g s  to t h e  E .C .H .O .  group  
i t  may p rod u ce  weakness  and p a r a l y s i s  i n  a few newborn mice  
a f t e r  i n j e c t i o n  of l a r g e  amounts of  v i r u s ,  but t h i s  a b i l i t y  
t o  c a u s e  i l l n e s s  i n  mice did not  i n c r e a s e  a f t e r  two mouse 
p a s s a g e s .
-  34 -
NEUTRALISATION TBSTS
P a i r e d  s e r a  were  o b t a i n e d  from a l l  11 c l i n i c a l  c a s e s .  
E a r l y  s e r a  were c o l l e c t e d  be tw een  2 and 7 d ay s  a f t e r  o n s e t  
and l a t e  s e r a  were o b t a i n e d  13 t o  20 d a y s  a f t e r  o n s e t .  
N e u t r a l i s a t i o n  t e s t s  were  p e r fo rm ed  on t h e s e  s e r a ,  u s i n g  
1000 TCD of  Bourn v i r u s  ( F i g .  1 2 ) .  Seven c a s e s  showed a 
f i v e f o l d  or  g r e a t e r  i n c r e a s e  i n  n e u t r a l i s i n g  a n t i b o d y  t i t r e  
be tw een  the  f i r s t  and second serum s a m p l e s .  F iv e  of t h e s e  
sev en  e a s e s  had  no a n t i b o d y  i n  the  f i r s t  serum, bu t  two had 
t i t r e s  o f  50 on the  t h i r d  and f o u r t h  days o f  i l l n e s s .  The 
r e m a in in g  f o u r  c a s e s  whose s e r a  showed no r i s i n g  t i t r e  a l l  
had a t i t r e  o f  250 o r  g r e a t e r  when t h e y  were  b l e d .  I n i t i a l l y  
on the  5 t h ,  6t h  o r  7 th  day of  i l l n e s s .
S e r a  were  o b t a i n e d  from 14 f a m i l y  c o n t a c t s  of  t h e  Bourn 
c a s e s  23 d ays  a f t e r  t h e  f i r s t  c a s e  o c c u r r e d .  Of t h e s e ,  8 had 
a n e u t r a l i s i n g  a n t i b o d y  t i t r e  o f  50 o r  g r e a t e r ,  i n  two t h e  
t i t r e  was 10, and 4 s e r a  had no a n t i b o d y  (F ig .  1 2 ) .  F u r t h e r  
serum sam p le s  were o b t a i n e d  from 9 of  t h e s e  s u b j e c t s  43 days 
a f t e r  th e  f i r s t  c a s e  o c c u r r e d .  None of  t h e s e  s u b j e c t s  had 
b e e n  i l l  m eanw hi le .  I n  7 s u b j e c t s  t h e  a n t i b o d y  t i t r e  was 
u n c h an ged .  Two s u b j e c t s  - B M .  and P .R .  had no a n t i b o d y  i n  t h e  
f i r s t  serum sam ple ,  but a n t i b o d y  was d e t e c t e d  i n  t h e  second  
sa m p le .  Bourn v i r u s  T#as i s o l a t e d  from a r e c t a l  swab which  was
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was t a k e n  from B.M. a t  t h e  t im e  th e  f i r s t  serum sample 
was c o l l e c t e d  b u t  no v i r u s  was d e t e c t e d  i n  a r e c t a l  swab 
t a k e n  from P .R .
A t te m p ts  were  made to  i s o l a t e  v i r u s  from f a e c e s  o f  
f o u r  o t h e r  p a t i e n t s  who were a d m i t t e d  to  h o s p i t a l  a t  th e  
same t im e  a s  t h e  Bourn c a s e s .  Two o f  t h e s e  were  d iag n o sed  
c l i n i c a l l y  as  s u f f e r i n g  from n o n - p a r a l y t i c  p o l i o m y e l i t i s .
Type I  p o l i o m y e l i t i s  v i r u s  was i s o l a t e d  from b o t h  c a s e s .
No a n t i b o d y  to t h e  Bourn v i r u s  was d e t e c t e d  i n  a c u t e  o r  
c o n v a l e s c e n t  s e r a  t a k e n  from e i t h e r  p a t i e n t .  The o t h e r  two 
e a s e s  were d iag n osed  a s  s u f f e r i n g  from a s e p t i c  m e n i n g i t i s ,  
b u t  n e i t h e r  had c o n t a c t  w i th  t h e  Bourn c a s e s .  No v i r u s  was 
i s o l a t e d  from t h e  f a e c e s  of e i t h e r  c a s e ,  bu t  one p a t i e n t  
had a r i s i n g  t i t r e  of a n t i b o d y  to Bourn v i r u s  an d  t h e  o t h e r  
p a t i e n t  had a n t i b o d y  i n  b o th  th e  a c u t e  and c o n v a l e s c e n t  s e r a .
V i r u s  i s o l a t i o n s  were a t t e m p t e d  from f a e c e s  of  16 p a t i e n t s  
who w ere  a d m i t t e d  to B r o o k f i e l d s  H o s p i t a l  be tw een  1 s t  J a n u a r y  
and 3 1 s t  J u l y  1956 .  Human amnion c u l t u r e s  were a lways u s e d .  
Amongst the  6 p a t i e n t s  who s u f f e r e d  from a s e p t i c  m e n i n g i t i s ,  
v i r u s  was i s o l a t e d  from one c a s e ,  A.D. T h is  v i r u s  was n o t  
p o l i o m y e l i t i s  b u t  s e r o l o g i c a l l y  i t  was r e l a t e d  to Bourn 
v i r u s  ( F i g .  12) . Of t h e  f o u r  p a t i e n t s  who were  a d m i t t e d  w i th
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n o n - p a r a l y t i c  p o l i o m y e l i t i s ,  a l l  were  e x c r e t i n g  ty p e  I I I  
p o l i o m y e l i t i s  v i r u s  i n  t h e  s t o o l s .  I n  t h e  g roup  o f  6 
p a t i e n t s  w i t h  p a r a l y t i c  p o l i o m y e l i t i s ,  t y p e  I I I  p o l i o m y e l i t i s  
v r i u s  was i s o l a t e d  from t h r e e  p a t i e n t s  and type  I  p o l i o m y e l i t i s  
v i r u s  was i s o l a t e d  from a n o t h e r  two p a t i e n t s .
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PART TERSE
AN OUTBREAK OF ACUTE INFECTIVE ENCEPHALITIS 
AT BISHOP’S STORTFORD, HERTS, IN OCTOBER/NOVEMBER 1955.
T h i s  outbreak:  o f  a c u t e  i n f e c t i v e  e n c e p h a l i t i s  
o c c u r r e d  i n  t h e  town o f  B i s h o p r s S t o r t f o r d  i n  H e r t f o r d s h i r e ,  
a b o u t  35 m i l e s  f rom Cambridge, and t e n  o f  t h e  c a s e s  came 
u n d e r  my imm edia te  c a r e .  The c l i n i c a l  f i n d i n g s  a r e  
summarised i n  F i g .  13 .  I t  i s  i n t e r e s t i n g  t h a t  t h i s  o u t b r e a k  
o c c u r r e d  a t  an  a lm o s t  i d e n t i c a l  t im e  of t h e  y e a r  t o  t h e  
Bourn ep idem ic  i n  t h e  p r e v i o u s  y e a r .
The f i r s t  two a d m is s io n s  were  C . J . B . , a boy o f  7 y e a r s  
o f  a g e ,  and h i s  s i s t e r  S .B .  aged  3 y e a r .  They were  b o t h  
t a k e n  i l l  on t h e  2 4 th  O c t o b e r .
Two days  l a t e r ,  on t h e  3 0 t h  O c to b e r ,  D .B . ,  a g i r l  12 
y e a r s  o f  a g e ,  a c o u s in  o f  th e  C . J . B .  and S .B .  was a d m i t t e d  
w i t h  s i m i l a r  symptoms. They l i v e d  i n  a d j a c e n t  h o u s e s .  The 
r e m a in d e r  o f  t h e  c h i l d r e n  a d m i t t e d  l a t e r  a t t e n d e d  t h e  same 
s c h o o l .
T here  were  two a d u l t s ,  M rs .  M.F .  aged  40 y e a r s ,  who was 
t h e  m othe r  o f  N .F .  aged  12 y e a r s ,  a d m i t t e d  w i t h  h e r  son on 
t h e  2nd November, and M rs .  E .R .  aged  25 y e a r s ,  a d m i t t e d  on 
t h e  6t h  November.
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Symptoms and C l i n i c a l  F i n d i n g s ,
Headache ,  b a c k a c h e ,  v o m i t i n g ,  l imb p a i n s  and p h o to p h o b ia  
were  t h e  most p ro m in en t  f e a t u r e s .  Four  o f  t h e  t e n  p a t i e n t s  
com pla ined  o f  s o r e  t h r o a t ,  and i n  a n o t h e r  f o u r  t h e r e  was a 
b i p h a s i c  p a t t e r n  i n  t h e  h i s t o r y .  With one e x c e p t i o n ,  S . B . ,  
t h e  t e m p e r a t u r e s  were  r a i s e d  on a d m i s s i o n .
A l l  t e n  c a s e s  had s i g n s  o f  meningism, n u c h a l  spasm, 
s p i n a l  and h a m s t r i n g  spasm. T h ree  o f  t h e  t e n  had n y s tag m u s .  
None had any m u sc u la r  w e a k n e s s ,  o r  s e n s o r y  c h a n g e s .  No 
b e h a v io u s  a b n o r m a l i t i e s  were  o b s e r v e d .
I n v e s t i g a t i o n s  (F ig .  1 4 ) .
S p i n a l  f l u i d  a b n o r m a l i t i e s  were  found  i n  t h e  n in e  c a s e s  
on which  a lumbar  p u n c t u r e  was p e r f o r m e d .  Lymphocytes were  
i n c r e a s e d  i n  a l l  c a s e s ,  t h e  h i g h e s t  count  b e in g  780 p e r  eu.mm. 
i n  t h e  c a s e  o f  N .F .  The lo w e s t  lymphocyte  coun t  was 2 2 .  I n  
two c a s e s  E . J . B .  and D .B . ,  t h e r e  was a p r e p o n d e r a n c e  o f  
g r a n u l o c y t e s  o v e r  l y m p h o c y te s .  I n  t h e s e  two c a s e s  t h e  lumbar  
p u n c tu r e  was done on th e  4 t h  day o f  i l l n e s s .
The h i g h e s t  g r a n u l o c y t e  coun t  was 198 p e r  cu.mm. The 
p r o t e i n  was r a i s e d  i n  f i v e  c a s e s ,  t h e  h i g h e s t  r e c o r d i n g  b e in g  
o n ly  65 mgm/100 m l .
The su g a r  c o n t e n t  was w i t h i n  normal  l i m i t s  i n  a l l  c a s e s .  
The r e s u l t s  o f  t o t a l  w h i t e  and d i f f e r e n t i a l  b lo o d  c o u n ts  a r e  
shown i n  F i g . 14.
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The maximum t o t a l  l e u c o c y t e  coun t  was 9 ,4 0 0 ,  t h e  minimum 
4 , 4 0 0 .  The p e r c e n t a g e  o f  lym phocy tes  ranged, from 15$ t o  45$ .  
The r o u t i n e  P a u l  B u n n e l l  t e s t  was n e g a t i v e  i n  each  c a se  and 
t h e  e r y t h r o c y t e  s e d i m e n t a t i o n  r a t e  v a r i e d  from 6 t o  2 2 .  F a e ce s  
i n  a l l  c a se s  were  n e g a t i v e  f o r  p o l i o m y e l i t i s  v i r u s  i s o l a t i o n .
FIGURE 14 RESULTS OF AN INVESTIGATION OF 10 CASES OF





























J . P . 4 16 220 50 56 6500 26 -VE 9 -
N.R. 5 20 280 50 64 6100 26 -VE 10 -
P . P . 5 198 200 45 56 6400 42 -VE 22 -
H .F . 6 2 126 65 51 4500 27 -VE 5 -
E .R . 2 0 52 40 33 4400 15 -VE 10 -
N .F . 3 20 780 60 62 8400 30 -VE 17 -
J.W. 5 0 22 30 48 NOT DONE NOT DOIIE -
E.J.B . 4 170 102 35 88 NOT DONE NOT DONE -
S .B . 5 NOT DONE N<DT DOIm 9400 45 -VE 21 -
D.B. 4 72 38 40 78 6300 20 -VE 6 -
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DISCUSSION
The c l i n i c a l  f e a t u r e s  o f  50 c a s e s  o f  a c u t e  p o l i o m y e l i t i s  
have b e e n  p r e s e n t e d  t o g e t h e r  w i t h  com parab le  c l i n i c a l  f i n d i n g s  
o f  two s e p a r a t e  o u t b r e a k s  o f  a c u t e  i n f e c t i v e  e n c e p h a l i t i s ,  
n o t  due t o  a c u t e  p o l i o m y e l i t i s .  I n  t h e  l i t e r a t u r e  we f i n d  
s i m i l a r  e v i d e n c e ,  f o r  example ,  G a lp in e  and Macrae (1953) 
d e s c r i b e  an o u t b r e a k  o f  b e n ig n  m e n i n g o - e n c e p h a l i t i s  o c c u r r i n g  
i n  t h e  C oven try  d i s t r i c t  i n  t h e  Summer o f  1951 .  The number o f  
c a s e s  o f  p a r a l y t i c  p o l i o m y e l i t i s  q uo ted  a s  b e in g  a d m i t t e d  to  
t h e  C o v en try  H o s p i t a l  f o r  1951 was 14 ,  w h e rea s  112 p a t i e n t s  
w ere  a d m i t t e d  w i t h  symptoms and s i g n s  o f  b e n ig n  meningo­
e n c e p h a l i t i s .  N in e ty  o f  t h e s e  had an abnormal  c e l l  coun t  i n  
t h e  c e r e b r o s p i n a l  f l u i d  w i t h  o r  w i t h o u t  i n c r e a s e  o f  p r o t e i n .
A f u r t h e r  n in e  showed an i n c r e a s e  i n  t h e  c e r e b r o s p i n a l  f l u i d  
p r o t e i n  c o n te n t  o f  60-80 mgm/100 m l .  The peak  months o f  t h e i r  
o c c u r r e n c e  was May t o  J u l y ,  w i t h  a  sh a r p  drop a t  t h e  end o f  
J u l y .  The a u t h o r s  s t a t e  t h a t  m u l t i p l e  c a s e s  i n  one f a m i l y  
were  p r o b a b l y  no t  uncommon. They quo te  t h e  c ase  o f  a g i r l  
o f  11 y e a r  o f  age w i t h  m en in gea l  s i g n s  and a c e r e b r o s p i n a l  
f l u i d  c e l l  count  o f  140 .  About t h e  same t im e  a l l  o t h e r  f o u r  
c h i l d r e n  i n  th e  f a m i l y  were i l l ,  b u t  n u r s e d  a t  home. The 
v i r o l o g i c a l  i n v e s t i g a t i o n s  u n d e r t a k e n  were  on a  l i m i t e d  s c a l e .
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V i r u s  i n v e s t i g a t i o n s  f o r  p o l i o m y e l i t i s  were  n e g a t i v e ,  b u t  
one o f  t h e  Coxsack ie  v i r u s e s  was i s o l a t e d .  They co nc lud ed  
t h a t  a  Coxsack ie  v i r u s  may have cau sed  a p r o p o r t i o n  o f  t h e  
b e n ig n  e n c e p h a l i t i s  i l l n e s s  which  t h e y  d e s c r i b e d .
W a l l i s  (1955) d e s c r i b e d  a s i m i l a r  ep id em ic  o c c u r r i n g  
i n  Cumberland from J a n u a r y  t o  A p r i l  1955.  The s i g n s  and 
symptoms i n  th e  few c l i n i c a l  r e c o r d s  d e s c r i b e d ,  would 
s u g g e s t  an a c u t e  i n f e c t i v e  e n c e p h a l i t i c  i l l n e s s .  A l l  had 
p y r e x i a ,  h e a d a c h e ,  b a c k a c h e ,  n a u s e a ,  neck  s t i f f n e s s  and 
c o n j u n c t i v i t i s .  A lumbar  p u n c t u r e  was n o t  p e r fo rm ed  i n  any
o f  t h e s e  c a s e s .  A f e a t u r e  o f  t h i s  o u t b r e a k  was t h a t  m u l t i p l e
c a s e s  o c c u r r e d  i n  each  h o u s e h o l d .  V i r u s  i n v e s t i g a t i o n s  up t o  
t h e  t im e  o f  th e  r e p o r t  o f  t h i s  ep id em ic  i n  August  1955 had 
been  n e g a t i v e .
.The c a s e s  d e s c r i b e d  by  G-alpine and M acrae ,  and by W a l l i s ,  
p r e s e n t  a c l i n i c a l  p i c t u r e  s i m i l a r  i n  many r e s p e c t s  t o  t h e  
Bourn and B i s h o p ' s  S t o r t f o r d  o u t b r e a k s .  A f e a t u r e  common t o  
a l l  o f  them i s  t h e  f r e q u e n c y  w i t h  which  m u l t i p l e  c a s e s  i n  t h e  
one h o u se h o ld  o c c u r r e d .
The Cumberland ep id em ic  d e s c r i b e d  by W a l l i s  o c c u r r e d  a t  
a t im e  when t h e r e  was no p o l i o m y e l i t i s  i n  t h e  d i s t r i c t .
T here  was e v id e n c e  o f  a v i r u s  i n f e c t i o n  c a u s i n g  l o c a l  u p p e r  
r e s p i r a t o r y  and c o n j u n c t i v a l  i n f e c t i o n  and p resum ab ly  a l s o  
e n c e p h a l i t i s .
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The ep id em ic  a t  C o ven try  r e s e m b le s  v e r y  c l o s e l y  t h e  
Bourn and B i s h o p ' s  S t o r t f o r d  e p id e m i c s .  T h i s  e p id e m ic  
o c c u r r e d  a t  a t im e  when some c a s e s  o f  p a r a l y t i c  p o l i o m y e l i t i s  
w ere  a d m i t t e d  t o  t h e  same h o s p i t a l .
H us ton  e t  a l  (1956) e n c o u n te r e d  a l a r g e  number o f  non­
p a r a l y t i c  p o l i o m y e l i t i s  c a s e s  i n  S u r r e y  i n  t h e  Autumn o f
195 5 .  A s t r a i n  o f  o rphan  v i r u s  a s  w e l l  a s  p o l i o m y e l i t i s  
v i r u s  t y p e s  1 and 3 were  i s o l a t e d .
By c o n t r a s t  t h e  r e s u l t s  o f  a c l i n i c a l  s tu d y  o f  93 c a s e s  
o f  e n c e p h a l i t i s  o c c u r r i n g  i n  t h e  N ew cas t le -u p on -T y ne  a r e a ,  
f rom 1946-1954 do no t  su g g e s t  th e  o c c u r r e n c e  o f  e p id e m ic s  
s i m i l a r  t o  Bourn and B i s h o p ' s  S t o r t f o r d  (Brewis  1 9 5 4 ) .
The p r e s e n c e  o f  v i r u s e s  o t h e r  t h a n  t h a t  o f  p o l i o m y e l i t i s  
v i r u s ,  d u r i n g  e p id e m ic s  o f  t h a t  d i s e a s e ,  h a s  been  d e m o n s t r a te d  
by v a r i o u s  v i r o l o g i s t s .  D a l l d o r f  (1952) found  t h e  p r e s e n c e  o f  
C oxsack ie  v i r u s e s  d u r in g  e p id e m ic s  o f  p o l i o m y e l i t i s  i n  each  
y e a r  f o r  a f i v e - y e a r  p e r i o d  up t o  1952 i n  New York C i t y .
M e ln ic k  and K aplan  (1950) found  p o l i o m y e l i t i s  v i r u s  and 
C oxsack ie  v i r u s  i n  16% o f  t h e  spec im ens  o f  f a e c e s  c o l l e c t e d  
from p o l i o m y e l i t i s  i n - p a t i e n t s .  Curhen (1948) s t a t e s  t h a t  
i l l n e s s e s  a t t r i b u t e d  t o  C oxsack ie  v i r u s e s  have t a k e n  th e  form 
o f  n o n - p a r a l y t i c  p o l i o m y e l i t i s  i n  C o n n e c t i c u t  and Rhode I s l a n d
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i n  1948.  He q u o te s  157 p a t i e n t s  who were  a d m i t t e d  to  
h o s p i t a l  w i t h  a d i a g n o s i s  o f  p o l i o m y e l i t i s  o r  a s e p t i c  
m e n i n g i t i s  and r e g a r d e d  th e  h ig h  i n c i d e n c e  o f  n o n - p a r a l y t i c  
c a s e s  a s  s t a t i s t i c a l l y  s i g n i f i c a n t .  were c l a s s i f i e d
a s  n o n - p a r a l y t i c .  The h i g h e s t  i n c i d e n c e  o f  t h o s e  w i t h o u t  
p a r a l y s i s  was i n  A u gu s t ,  w he rea s  t h e  h i g h e s t  i n c i d e n c e  o f  
t h o s e  w i t h  p a r a l y s i s  was i n  Sep tem ber  and O ctober*  S t r a i n s  
o f  C oxsack ie  v i r u s  were r e c o v e r e d  from 5 o f  th e  13 non-  
p a r a l y t i c  p a t i e n t s  t e s t e d .  One o f  t h e s e  s t r a i n s  was 
n e u t r a l i s e d  by serum from 10 o f  t h e  n o n - p a r a l y t i c  p a t i e n t s ,  
i n c l u d i n g  5 from w h ich  t h e  C oxsack ie  v i r u s  was r e c o v e r e d .  
Specimens o f  t h e  same 13 p a t i e n t s  were  a l s o  t e s t e d  f o r  t h e  
p r e s e n c e  o f  p o l i o m y e l i t i s  v i r u s .  The r e s u l t s  w ere  p o s i t i v e  
froifr o n l y  two o f  t h e  p a t i e n t s  whose f a e c e s  d id  n o t  y i e l d  
t h e  Coxsack ie  v i r u s .  Curnen came t o  t h e  c o n c l u s i o n  t h a t  i n  
i n d i v i d u a l  c a s e s  o f  Coxsack ie  v i r u s  i n f e c t i o n  p r e s e n t i n g  
w i t h  c l i n i c a l  f e a t u r e s  o f  a s e p t i c  m e n i n g i t i s ,  i t  was n o t  
p o s s i b l e  on t h e  b a s i s  o f  c l i n i c a l  o b s e r v a t i o n  a lo n e  t o  
d i f f e r e n t i a t e  from n o n - p a r a l y t i c  p o l i o m y e l i t i s .
I t  i s  s u b m i t t e d  t h e r e f o r e ,  t h a t  t h e  e v id e n c e  quoted  
s u p p o r t s  th e  f i n d in g s  d e s c r i b e d  i n  t h i s  t h e s i s  t h a t  many c a s e s  
p r e v i o u s l y  d ia g n o s e d  as  n o n - p a r a l y t i c  p o l i o m y e l i t i s  w e re ,  
i n  f a c t ,  a c u t e  i n f e c t i v e  e n c e p h a l i t i s  due t o  o t h e r  n e u r o t r o p i c  
v i r u s e s .
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Only c a s e s  o f  t h e  b e n ig n  m e n i n g i t i e  syndrome a r e  
d i s c u s s e d  h e r e .  Cases  o f  b e n ig n  m y a lg ic  e n c e p h a l o m y e l i t i s  
such a s  d e s c r i b e d  by Ramsay and O’S u l l i v a n  (Lancet  1956) and 
a l s o  t h e  o u t b r e a k s  a t  t h e  Royal  F r e e  H o s p i t a l ,  G ra y ’ s In n  
Road, London,  amongst t h e  n u r s e s  (Lancet  1955) a r e  n o t  
i n c l u d e d  i n  t h i s  d i s c u s s i o n .  The te rm  a c u t e  i n f e c t i v e  
e n c e p h a l i t i s  i s  a p p l i e d  t o  t h e  o u t b r e a k s  a t  Bourn and a t  
B i s h o p ’ s S t o r t f o r d .
V a r io u s  o t h e r  te rm s  a r e  u sed  i n  th e  n o m e n c la tu re  o f  
such  d i s e a s e s  i n c l u d i n g  a s e p t i c  m e n i n g i t i s ,  v i r u s  e n c e p h a l i t i s  
and lymphocyte  m e n i n g i t i s .  The a d v a n ta g e  o f  u s i n g  t h e  te rm  
a o u te  i n f e c t i v e  e n c e p h a l i t i s  i s  t h a t  i t  d e s c r i b e s ,  w i t h  some 
a c c u r a c y ,  t h e  c l i n i c a l  e n t i t y .
The d i s e a s e  i s  c e r t a i n l y  a c u t e .  There  i s  l i t t l e  doub t  
a b o u t  i t s  i n f e c t i v i t y  and i t  i s  c e r t a i n l y  e n c e p h a l i t i c .  T h i s  
t i t l e  a l s o  h a s  t h e  a d v an tag e  t h a t  i t  b r i n g s  t h e  c o n d i t i o n  
w i t h i n  th e  scope  o f  d i s e a s e s  which  a g e n e r a l  p r a c t i t i o n e r  i s  
u n d e r  o b l i g a t i o n  t o  n o t i f y  to  t h e  l o c a l  m e d ic a l  o f f i c e r  o f  
h e a l t h  i n  E ng land  and W a le s .  A l though  th e  t e rm  a s e p t i c  
m e n i n g i t i s ,  v i r u s  e n c e p h a l i t i s ,  and ly m p h o c y t ic  m e n i n g i t i s ,  
c o u ld  be a p p l i e d  t o  t h e s e  o u t b r e a k s ,  t h e y  a r e  no t  n o t i f i a b l e  
d i s e a s e s .
-  46 -
T h ere  i s  l i t t l e  doub t  t h a t  t h e  g r e a t  m a j o r i t y  o f  such 
d i s e a s e s  a r e  due t o  n e u r o t r o p i c  v i r u s  i n f e c t i o n s .  S p o r a d ic  
c a s e s  o c c u r  o c c a s i o n a l l y  which may be due t o  o t h e r  d i s e a s e s ,  
a s ,  f o r  exam ple ,  l e p t o s p i r o s i s ,  and i t  would t h e r e f o r e  seem 
o u t  o f  p l a c e  t o  use  t h e  t e rm  v i r u s  e n c e p h a l i t i s  g e n e r a l l y .
The community a t  Bourn c o n s i s t e d  o f  90 i n d i v i d u a l s ,  
b o th  a d u l t s  and c h i l d r e n .  They l i v e d  on a d i s u s e d  aerodrome 
s i t e  one m i l e  from t h e  main v i l l a g e  o f  Bourn ,  which  i s  s i x  
m i l e s  from Cambridge. The p o p u l a t i o n  o f  th e  v i l l a g e  i n  
t h e  1951 cen su s  was 1053 .  I t  c o u ld  be t a k e n  t h e r e f o r e ,  a s  
b e in g  a b o u t  1100 i n  1955.  T here  i s  a sm a l l  s c h o o l  on t h e  
aerodrome s i t e  w hich  th e  c h i l d r e n  o f  s c h o o l  age a t t e n d .
I n  t h i s  i s o l a t e d  community t h e r e  o c c u r r e d  e i g h t  c a s e s  
o f  i n f e c t i v e  e n c e p h a l i t i s ,  and t h r e e  c a s e s  o c c u r r e d  i n  e a c h  
o f  two s e p a r a t e  h o u s e h o l d s .  Two n u r s e s  who a t t e n d e d  t h e  
o r i g i n a l  c a s e s  a d m i t t e d  t o  Addenbrooke*s H o s p i t a l ,  t o g e t h e r  
w i t h  t h e  husband  o f  one of  the  n u r s e s ,  were  a l s o  i n f e c t e d .
I t  i s ,  t h e r e f o r e ,  ob v io u s  t h a t  t h e  i n f e c t i v i t y  r a t e  was o f  a 
h i g h  o r d e r .
The second  group o f  c a s e s  o f  i n f e c t i v e  e n c e p h a l i t i s  came 
from B i s h o p r s S t o r t f o r d .  T h is  i s  a town w i t h  a p o p u l a t i o n  
o f  a p p r o x i m a t e ly  13 ,000  i n h a b i t a n t s .  Of t h e  t e n  e a s e s  
a d m i t t e d  unde r  my c a r e ,  two members o f  t h e  same f a m i l y  were
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i n f e c t e d  i n  two i n s t a n c e s .  A l l  t h e  c h i l d r e n  o f  sc h o o l  age 
a t t e n d e d  t h e  same s c h o o l .  The i n f e c t i v i t y  r a t e  was t h e r e f o r e
c o n s i d e r a b l e .
L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  th e  
e p id e m io lo g y  o f  t h e  50 c a s e s  o f  a c u t e  n o n - p a r a l y t i c  p o l i o ­
m y e l i t i s  d e s c r i b e d ,  f o r  t h e y  o c c u r r e d  o v e r  a  number o f  
y e a r s  from 1947 -  1953.
I n  no i n s t a n c e ,  however ,  i n  t h e  200 c a s e s  o f  p a r a l y t i c  
and n o n - p a r a l y t i c  a c u t e  p o l i o m y e l i t i s  c o n s i d e r e d  i n  t h i s  
s u r v e y  d i d  t h e r e  o c c u r  an i n s t a n c e  i n  which more t h a n  one 
member of  t h e  same f a m i l y  was p roved  t o  be s u f f e r i n g  from 
a c u t e  p o l i o m y e l i t i s .  There  o c c u r r e d  v a r i o u s  i n s t a n c e s  i n  
w hich  t h e r e  was a h i s t o r y  o f  an i l l n e s s  i n  o t h e r  members o f  
t h e  ^family w i t h i n  a p e r i o d  o f  w eeks .  I n  many c a s e s  t h i s  
was n o t ,  however ,  o f  s u f f i c i e n t  s e v e r i t y  t o  w a r r a n t  e i t h e r  
t h e  a d v ic e  o f  th e  f a m i l y  d o c t o r  o r  a d m is s io n  to  h o s p i t a l .
One p o i n t  o f  d i f f e r e n t i a t i o n ,  t h e r e f o r e ,  i n  t h e  
e p id e m io lo g y  o f  a c u t e  p o l i o m y e l i t i s  and t h e s e  two o t h e r  
e p id e m ic s ,  i s  t h a t  t h e  m o r b i d i t y  r a t e  o f  t h e  o u t b r e a k s  a t  
Bourn and B ish o p * s  S t o r t f o r d  were o f  a much h i g h  o r d e r  t h a n  
t h a t  found  i n  a c u t e  p o l i o m y e l i t i s .
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I n  b o th  t h e  Bourn and B i s h o p ' s  S t o r t f o r d  o u t b r e a k s  an 
i m p o r t a n t  p o i n t  t o  be  c o n s i d e r e d  was w h e t h e r  o r  n o t  t h e y  
co u ld  be due to  a c u t e  n o n - p a r a l y t i c  p o l i o m y e l i t i s .
The f i r s t  two a d m is s io n s  from B i s h o p ' s  S t o r t f o r d  were 
C . J . B .  and S . B . ,  b r o t h e r  and s i s t e r .  T h i s  f a c t o r  a l o n e ,  
and a l s o  t h e  f a c t  t h a t  two days  l a t e r  D .B . ,  a  c o u s in  l i v i n g  
i n  t h e  a d j a c e n t  h o u se ,  was a d m i t t e d  w i t h  a s i m i l a r  i l l n e s s ,  
would  seem to  be i n  f a v o u r  o f  an i n f e c t i o n  o t h e r  t h a n  a c u t e  
p o l i o m y e l i t i s .
The sequence  o f  seven  a d m is s io n s  from t h i s  a r e a  w i t h i n  
t e n  days  o f  t h e  f i r s t  a d m is s io n s  a l l  w i t h  a s i m i l a r  c l i n i c a l  
p i c t u r e  and  none w i t h  p a r a l y s i s ,  made t h e  d i a g n o s i s  o f  a c u t e  
n o n - p a r a l y t i c  p o l i o m y e l i t i s  most i m p r o b a b le .
L e t  u s  c o n s i d e r  t h e  e a r l y  a d m is s io n s  t o  B r o o k f i e l d s  
H o s p i t a l  from Bourn,  and d i s c u s s  what i n  t h e  h i s t o r y  o f  such 
c a s e s  cou ld  h e lp  us  to  d e c id e  w h e th e r  o r  n o t  t h e y  cou ld  be 
n o n - p a r a l y t i c  p o l i o m y e l i t i s .  The f i r s t  a d m is s io n  from t h e  
Bourn s e t t l e m e n t  was t h a t  o f  M.M., a g i r l  o f  12 y e a r s  o f  a g e ,  
a d m i t t e d  on t h e  2 8 th  O c to b e r ,  1955. A h i s t o r y  o f  c o n t a c t  
w i t h  two c a s e s  o f  " m e n i n g i t i s ” o c c u r r i n g  i n  t h e  a r e a  w i t h i n  
t h e  p r e v i o u s  week was o b t a i n e d .  F u r t h e r  e n q u i r y  r e v e a l e d  
t h a t  two e a s e s ,  M.B. and R .C . ,  had  been  a d m i t t e d  t o  a n o t h e r  
h o s p i t a l  (A ddenbrooke 's  F i g .  10) on the  22nd and 2 6 th
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O c to b e r  r e s p e c t i v e l y .  They had been  d ia g n o s e d  a s  s u f f e r i n g  
from v i r u s  e n c e p h a l i t i s .  They were  d i s c h a r g e d  home a f t e r  a 
few d a y s ,  M.B. b e in g  d i s c h a r g e d  on t h e  2 5 th  O c to ber  and  t h e  
o t h e r  B .C . ,  on t h e  2 8 t h .
The p o s i t i o n ,  t h e r e f o r e ,  from t h e  e p i d e m i o l o g i c a l  a s p e c t  
a t  t h e  t im e  o f  t h i s  f i r s t  a d m is s io n  t o  B r o o k f i e l d s  H o s p i t a l  
on t h e  2 8 th  O c to b e r ,  was t h a t  t h i s  was t h e  t h i r d  case  o f  
acute '  e n c e p h a l i t i s  w i t h o u t  p a r a l y s i s  o c c u r r i n g ,  w i t h i n  a  week, 
i n  t h i s  sm a l l  community. The o c c u r r e n c e  o f  t h r e e  c a s e s  o f  
a c u t e  e n c e p h a l i t i s ,  none o f  whom had any p a r a l y s i s  would  
i n d i c a t e  t h a t  t h e  d i a g n o s i s  o f  a c u t e  p o l i o m y e l i t i s  was most 
u n l i k e l y .
I n  t h e  f o l l o w i n g  14 days f u r t h e r  c a s e s  s u f f e r i n g  from 
a c u t e  e n c e p h a l i t i s ,  none o f  which  had any p a r a l y s i s ,  were  
a d m i t t e d  from t h e  same community. On e p i d e m i o l o g i c a l  
c o n s i d e r a t i o n s  a lo n e  i t  a p p e a re d  c e r t a i n  t h a t  t h i s  o u t b r e a k  
was no t  due t o  t h a t  o f  a c u t e  p o l i o m y e l i t i s .
As r e g a r d s  th e  symptoms and c l i n i c a l  f i n d i n g s  i n  t h e  
t h r e e  d i f f e r e n t  g r o u p s ,  t h e  p o l i o m y e l i t i s  g ro u p ,  t h e  Bourn ,  
and B ishop*s  S t o r t f o r d  g r o u p ,  t h e r e  i s  l i t t l e  o f  a p o s i t i v e  
n a t u r e  t o  d i f f e r e n t i a t e  them. Headache ,  b ack a ch e ,  and 
v o m i t in g  were p ro m inen t  symptoms i n  a l l  t h r e e .
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I n  t h e  c ase  of  th e  Bourn o u t b r e a k  t h e r e  was a b i p h a s i c  
e lem en t  i n  t h e  o n s e t  o f  o n l y  one c a s e ,  namely  t h a t  o f  E.K.
The te m p o ra ry  improvement i n  t h i s  p a t i e n t ’ s c o n d i t i o n  w as ,  
however ,  v e ry  d e f i n i t e ,  she  was w e l l  enough to  g e t  up ,  c y c l e  
t o  v i s i t  h e r  m o the r  a t  some d i s t a n c e  from h e r  home, spend t h e  
day w i t h  h e r ,  and l a t e r  c y c l e  back  to  h e r  home i n  t h e  e v e n in g .  
T here  was a r e t u r n  o f  h e r  symptoms on t h e  f o l l o w i n g  d a y .
I n  t h e  B i s h o p ’ s S t o r t f o r d  ep idem ic  t h e r e  was a h i s t o r y  
o f  a p rod rom al  i l l n e s s  i n  40$ o f  t h e  c a s e s  a d m i t t e d  unde r  my 
c a r e .  These  symptoms c o n s i s t e d  o f  headache  and s o r e  t h r o a t .
I n  two o f  t h e  c a s e s  v o m i t in g  o c c u r r e d .
k  h i s t o r y  o f  p rod rom al  i l l n e s s  was o b t a i n e d  i n  44$ o f  
t h e  e a s e s  o f  a c u t e  p o l i o m y e l i t i s .
A b i p h a s i c  p a t t e r n  i n  th e  h i s t o r y  was t h e r e f o r e  t h e  
common f a c t o r  i n  44$ o f  t h e  p o l i o m y e l i t i s  group and 40$ o f  
t h e  B i s h o p ’ s S t o r t f o r d  g r o u p .
Meningism was a f e a t u r e  i n  a l l  g r o u p s .  The d e g re e  o f  
meningism i n  th e  c a se  o f  t h e  Bourn and B i s h o p ’ s S t o r t f o r d  
o u t b r e a k s  was more marked t h a n  i n  t h e  m a j o r i t y  o f  th e  
p o l i o m y e l i t i s  g r o u p .  Vomit ing  was a l s o  a more p e r s i s t e n t  
f e a t u r e  i n  t h e  c a se  o f  t h e  Bourn and B i s h o p ’ s S t o r t f o r d  g r o u p s .
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T h i s  s t u d y  o f  t h e  e p i d e m i o l o g i c a l  p a t t e r n  was o f  h e lp  
i n  coming t o  a d i a g n o s i s  a s  to  w h e th e r  o r  no t  t h e  e a r l y  
a d m is s io n s  i n  b o th  t h e  Bourn and B i s h o p ’ s S t o r t f o r d  
o u t b r e a k  were n o n - p a r a l y t i c  p o l i o m y e l i t i s .  The o u t b r e a k s  
a t  Bourn and B i s h o p ’ s S t o r t f o r d  o c c u r r e d  d u r i n g  t h e  s e a s o n a l  
p e r i o d  o f  p r e v a l e n c e  o f  a c u t e  p o l i o m y e l i t i s .
Changes i n  t h e  c e l l u l a r  c o n te n t  o f  c e r e b r o s p i n a l  f l u i d  
were  found  i n  a l l  c a s e s  examined i n  t h e  combined Bourn and 
B i s h o p ’ s S t o r t f o r d  g r o u p s .  In  t h e  p o l i o m y e l i t i s  group 11$ 
showed no change a s  r e g a r d s  c e l l s  o r  p r o t e i n .
W ith  r e g a r d  to  th e  ty p e  o f  c e l l  found  t h e r e  i s  a  c e r t a i n  
d e g re e  o f  s i m i l a r i t y  be tw een  t h e  p o l i o m y e l i t i s  g roup  and t h e  
B i s h o p ’ s S t o r t f o r d  g ro u p ,  i n  t h a t  15$ o f  t h e  p o l i o m y e l i t i s  
group r e v e a l e d  a p r e p o n d e ra n c e  o f  g r a n u l o c y t e s  o v e r  ly m p h o c y te s .  
I n  22$ o f  t h e  B i s h o p ’ s S t o r t f o r d  group  a p r e p o n d e ra n c e  o f  
g r a n u l o c y t e s  o c c u r r e d .  I n  each  i n s t a n c e  a lumbar  p u n c tu r e  
was pe r fo rm ed  w i t h i n  f o u r  days  o f  th e  o n s e t  o f  t h e  i l l n e s s .
On t h e  o t h e r  hand ,  i n  th e  Bourn group lym phocy tes  
p re d o m in a te d  t h r o u g h o u t .  A f u r t h e r  p o i n t  o f  s i m i l a r i t y  
be tw een  t h e  p o l i o m y e l i t i s  g roup  and t h e  B i s h o p ’ s S t o r t f o r d  
group  i s  t h a t  t h e r e  was a b i p h a s i c  p a t t e r n  i n  t h e  h i s t o r y  o f  
o n s e t  i n  44$ and 40$ r e s p e c t i v e l y .
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I n  t h e  e p id e m io lo g y  o f  t h e  Bourn and B i s h o p ' s  S t o r t f o r d  
ou tbreak : ,  t h e  h i g h  i n c i d e n c e  o f  th e  d i s e a s e  among c lo s e  
c o n t a c t s  i s  a s t r i k i n g  f e a t u r e ,  l o r  exam ple ,  i n  th e  Bourn 
ep idem ic  t h r e e  members o f  two s e p a r a t e  h o u s e h o ld s  became 
i n f e c t e d .  Two n u r s e s  i n  a g e n e r a l  h o s p i t a l ,  b o th  c o n t a c t s ,  
became i n f e c t e d ,  and  t h e  husband  o f  one o f  them .
At B i s h o p Ts S t o r t f o r d  a b r o t h e r  and s i s t e r  w e re  i n f e c t e d  
and a l s o  a m othe r  and d a u g h t e r ,  two members i n  each o f  two 
s e p a r a t e  f a m i l i e s  o u t  o f  a t o t a l  o f  10 c a s e s  a d m i t t e d  t o  
B r o o k f i e l d s  H o s p i t a l .
T h i s  h ig h  i n f e c t i v i t y  r a t e  i s  i n  c o n t r a s t  t o  t h a t  o f  t h e  
p o l i o m y e l i t i s  g r o u p .  T here  i s  no doubt  t h a t  more than one 
o f  a c u t e  p o l i o m y e l i t i s  can o c c u r  i n  t h e  same f a m i l y .  T h i s  
happened  i n  t h e  ease  qu o ted  by K r i l l  and Toomey (1941) i n  which  
f i v e  o f  s i x  c h i l d r e n  o f  t h e  same f a m i l y  had t o n s i l l e c t o m y  
p e r fo rm ed  on 22nd A u g us t .  By 7 th  Sep tem ber  a l l  f i v e  had 
d e v e lop ed  b u l b a r  p o l i o m y e l i t i s ,  and t h r e e  o f  them d i e d  w i t h i n  
two d a y s .
Of t h e  200 c a s e s  o f  a c u t e  p o l i o m y e l i t i s  a d m i t t e d  u n d e r  
my c a r e  t o  B r o o k f i e l d s  h o s p i t a l ,  t h e r e  w ere  o n ly  two o c c a s i o n s  
on w hich  two members o f  t h e  same f a m i l y  were  a d m i t t e d .  I n  
n e i t h e r  f a m i l y  was t h e r e  any  ev id e n ce  o f  c l i n i c a l  i n f e c t i o n
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w i t h  p o l i o m y e l i t i s  i n  th e  second  a d m i s s i o n .  I n  t h e  f i r s t  
c ase  t h e  f a t h e r  s u f f e r e d  from p a r a l y t i c  p o l i o m y e l i t i s .
H is  son was a d m i t t e d  w i t h  a r a i s e d  t e m p e r a t u r e ,  bu t  was 
n o t  m en in g ea l  and had no n e u r o l o g i c a l  a b n o r m a l i t y .  Lumbar 
p u n c tu r e  showed no a b n o r m a l i t y .  T h i s  may have  been  a b o r t i v e  
p o l i o m y e l i t i s ,  b u t  v i r u s  i n v e s t i g a t i o n s  were n o t  t h e n  
p o s s i b l e .
I n  t h e  o t h e r  i n s t a n c e ,  a b r o t h e r  and s i s t e r  were 
a d m i t t e d .  The b r o t h e r  had a f l a c c i d  p a r a l y s i s  o f  h i s  r i g h t  
arm, w i t h  c e r e b r o s p i n a l  f l u i d  c h a n g e s .  The p r o v i s i o n a l  
d i a g n o s i s  o f  a c u t e  p o l i o m y e l i t i s  was c o n f i rm e d .  The s i s t e r ,  
aged t h r e e  y e a r s ,  was a d m i t t e d  beca u se  o f  a h i s t o r y  o f  
p y r e x i a  and m a l a i s e  and no n e u r o l o g i c a l  a b n o r m a l i t y  was 
fo u n d .  A l l  i n v e s t i g a t i o n s  i n c l u d i n g  lumbar  p u n c tu r e  were 
n e g a t i v e .  The p a t i e n t  was d e t a i n e d  i n  h o s p i t a l  f o r  seven 
days  and d i s c h a r g e d  q u i t e  f i t  w i t h  no d e f i n i t e  d i a g n o s i s  
b e in g  p o s s i b l e .  I t  i s  no t  u n r e a s o n a b l e  on t h i s  e v id e n c e  a lo n e  
t o  s u g g e s t  t h a t  th e  o c c u r r e n c e  o f  more t h a n  one c ase  o f  
c l i n i c a l  p o l i o m y e l i t i s  i n  one f a m i l y  i s  v e r y  uncommon.
The o c c u r r e n c e  o f  a sequence  o f  c a s e s  o f  a c u t e  i n f e c t i v e  
e n c e p h a l i t i s ,  as  d e f i n e d  in  t h i s  t h e s i s ,  w i t h o u t  any c a s e s  
w i t h  p a r a l y s i s ,  i s  a n o t h e r  f a c t o r  t h a t  cou ld  r a i s e  do u b ts  a s  
to  w h e th e r  we were d e a l i n g  w i th  a c u t e  p o l i o m y e l i t i s .
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I n  t h e  p a s t  t h e  d i a g n o s i s  o f  n o n - p a r a l y t i c  p o l i o m y e l i t i s  
h a s  b e en  a m a t t e r  o f  e p i d e m i o l o g i c a l  p r o b a b i l i t y .  When 
c a s e s  o c c u r r e d  w i t h  t h e  syndrome o f  a c u t e  a s e p t i c  m e n i n g i t i s ,
i . e . ,  meningism, p l e o c y t o s i s  i n  t h e  c e r e b r o s p i n a l  f l u i d  ( f o r  
w h ich  o t h e r  c a u s e s  c o u ld  be e x c lud ed )  i n  an  a r e a  i n  which 
p a r a l y t i c  p o l i o m y e l i t i s  was p r e v a l e n t ,  one f e l t  j u s t i f i e d  i n  
making a d i a g n o s i s  o f  a c u t e  p o l i o m y e l i t i s .  A l though  th e  
Bourn and B i s h o p ’ s S t o r t f o r d  o u t b r e a k s  o c c u r r e d  d u r i n g  t h e  
p e r i o d  o f  s e a s o n a l  p r e v a l e n c e  o f  a c u t e  p o l i o m y e l i t i s  i n  t h i s  
a r e a ,  v i r u s  i n v e s t i g a t i o n s  d e m o n s t r a te d  t h a t  t h e  d i s e a s e  was 
n o t  p o l i o m y e l i t i s .  I n  th e  Autumn o f  b o th  1955, when t h e  
Bourn ep idem ic  o c c u r r e d ,  and i n  the  Autumn of  1956,  when th e  
B i s h o p ’ s S t o r t f o r d  o u t b r e a k  o c c u r r e d ,  a c o n s i d e r a b l e  number, 
o f  c a s e s  o f  a e u t e  p o l i o m y e l i t i s  were  a d m i t t e d  t o  B r o o k f i e l d s  
H o s p i t a l .  The number o f  a d m is s io n s  o f  p a r a l y t i c  and  non­
p a r a l y t i c  p a t i e n t s  and a l s o  t h e  number o f  c a s e s  o f  pos t- in fec t ive  
e n c e p h a l i t i s  and o f  v i r u s  e n c e p h a l i t i s  o f  unknown o r i g i n ,  i s  
shown i n  F i g .  1 5 .
The M i n i s t r y  of  H e a l t h  Annual  Repor t  o f  n o t i f i c a t i o n s  
o f  p a r a l y t i c  and n o n - p a r a l y t i c  p a r a l y s i s  f o r  t h e  y e a r s  
1950-1955 a r e  t a b u l a t e d  i n  F i g .  16 .
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TEAR POLIOMYELITIS POST-INFECTIVE VIRUS
PARALYTIC NON-PARALYTIC ENCEPHALITIS ENCEPHALITIS
1947 20 7 - -
1948 4 - - -
1949 35 15 2 -
1950 15 5 1 -
1951 36 13 5 1
1952 37 12 5 1
1955 54 18 4 2
1954 2 7 1 6
1955 28 16 1 22
1956 21 11 3 21















T his  shows t h a t  f o r  the  s i x - y e a r  p e r i o d  u n d e r  r e v i e w ,  
th e  number of  p a r a l y t i c  n o t i f i c a t i o n s  h a s  outnumbered  th e  
n o n - p a r a l y t i c  n o t o f i c a t i o n s  i n  p r o p o r t i o n s  v a r y i n g  from 
5 to  2 i n  1950 and 1952,  t o  3 to  2 i n  1951 and 1956,  
S e p a r a t e  n o t i f i c a t i o n s  of p a r a l y t i c ,  a s  d i s t i n c t  from non­
p a r a l y t i c ,  p o l i o m y e l i t i s  were r e q u i r e d  by t h e  M i n i s t r y  o f  
H e a l t h  f o r  t h e  f i r s t  time i n  1950.
The r a t e  o f  p a r a l y t i c  to  n o n - p a r a l y t i c  c a s e s  i n  t h e  
M i n i s t r y  of  H e a l t h  R e tu rn s  and t h e  B r o o k f i e l d s  H o s p i t a l  
f i g u r e s  a r e  r o u g h l y  the  same, a b o u t  2 to  1 i n  t h e  case  o f  
fo rm e r  f i g u r e s  and 2-J- t o  1 i n  t h e  l a t t e r .  The h i g h e r  
f i g u r e s  f o r  B r o o k f i e l d s  H o s p i t a l  a r e  a c c o u n te d  f o r  by t h e  
h i g h e r  r a t i o  o f  p a r a l y t i c  t o  n o n - p a r a l y t i c  up to  1953 .  I t  
i s  p o s s i b l e  t h a t  t h i s  can be e x p l a i n e d  by t h e  f a c t  t h a t  
more c a s e s  o f  n o n - p a r a l y t i c  p o l i o m y e l i t i s  were r e c o g n i s e d  
i n  th e  l a t t e r  y e a r s .
The f i g u r e s  q u o ted  by L a s se n  d u r i n g  th e  s e v e r e  ep id em ic  
o f  p o l i o m y e l i t i s  i n  Denmark i n  t h e  W in te r  o f  1952,  shows a 
d i f f e r e n t  p a t t e r n  (Lassen  1 9 5 3 ) .  I n  t h i s  e p id em ic  t h e r e  
o c c u r r e d  866 p a r a l y t i c  and 1856 n o n - p a r a l y t i c  e a s e s .  T h i s  
r a t i o  o f  p a r a l y t i c  t o  n o n - p a r a l y t i c  i s  t h e  r e v e r s e  o f  th e  
f i g u r e s  f o r  England  a n d  "Wales, and a l s o  th e  r e v e r s e  of  my
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own f i g u r e s  f o r  B r o o k f i e l d s  H o s p i t a l .  The number o f  c a s e s  
o f  n o n - p a r a l y t i c  p o l i o m y e l i t i s  n o t i f i e d  i n  Denmark i s  f o u r  
t im e s  t h a t  t o  be e x p e c te d  a c c o r d i n g  t o  th e  M i n i s t r y  o f  
H e a l t h  s t a t i s t i c s  f o r  a s i x - y e a r  p e r i o d  and t h e  s m a l l e r  
number o c c u r r i n g  a t  B r o o k f i e l d s  H o s p i t a l  o v e r  a t e n - y e a r  
p e r i o d .
T here  would seem t o  be t h r e e  p o s s i b l e  e x p l a n a t i o n s  
f o r  t h i s : -
1 .  T ha t  d u r i n g  a w id e s p r e a d  e p id e m ic ,  such a s  o c c u r r e d  
i n  Denmark i n  1952, b o th  t h e  g e n e r a l  p o p u l a t i o n  and t h e  
m ed ica l  p r o f e s s i o n  were  more aware  o f  t h e  p o s s i b i l i t y  o f  
i t s  o c c u r r e n c e ,  and t h e r e f o r e  many more such c a s e s  were  
d i a g n o s e d .
2 .  That  many of  the  c a s e s  n o t i f i e d  a s  n o n - p a r a l y t i c  
p o l i o m y e l i t i s  m igh t  have been  due t o  a n e u r o t r o p i c  v i r u s  
(no t  p o l i o m y e l i t i s )  p r o d u c in g  a c l i n i c a l  p i c t u r e  s i m i l a r  
t o  t h a t  of n o n - p a r a l y t i c  p o l i o m y e l i t i s  a s  i n  f a c t  o c c u r r e d  
i n  t h e  B i s h o p ’ s S t o r t f o r d  and Bourn o u t b r e a k s  which have 
b een  d e s c r i b e d .
3 .  That one p a r t i c u l a r  s t r a i n  of  p o l i o m y e l i t i s  v i r u s  
was p red om in an t  d u r i n g  th e  D an ish  e p id e m ic .  I  can f i n d  no 
r e p o r t  t h a t  v i r u s  i n v e s t i g a t i o n s  t o  p rov e  or  d i s p r o v e  t h i s  
p o s s i b i l i t y  were  done i n  Denmark. I t  i s , i n d e e d ,  d o u b t f u l
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w h e th e r  r e s o u r c e s  to u n d e r t a k e  such an i n v e s t i g a t i o n  
were  p o s s i b l e  a t  t h a t  t im e  when t h e  growth  of p o l i o m y e l i t i s  
v i r u s  on t i s s u e  c u l t u r e  was i n  i t s  e a r l y  s t a g e s  o f  
d e v e lo p m e n t .
W ith  r e g a r d  to t h e  f i r s t  p o s s i b l e  e x p l a n a t i o n  o f  th e  
u n e x p e c te d  h ig h  r a t i o  o f  n o n - p a r a l y t i e  to  p a r a l y t i c  c a s e s  
i n  t h e  D an ish  o u t b r e a k ,  t h e r e  i s  l i t t l e  doub t  t h a t  
i n c r e a s e d  numbers o f  n o n - p a r a l y t i e  c a s e s  a r e  r e c o g n i s e d  
d u r i n g  an e p id e m ie .  To what  e x t e n t  t h i s  o c c u r s  must be a  
m a t t e r  o f  s u r m i s e .
L et  us c o n s i d e r  what e v id e n c e  t h e r e  i s  o f  o t h e r  p o s s i b l e  
f a c t o r s  c o n c e rn e d .  I t  w i l l  be seen  from a s t u d y  o f  F i g .  14 
t h a t  t h e  number o f  p a r a l y t i c  p o l i o m y e l i t i s  a d m is s io n s  t o  
B r o o k f i e l d s  H o s p i t a l  i n  e a c h  y e a r  from 1947 t o  1955 o u t ­
numbered t h e  n o n - p a r a l y t i c  a d m i s s io n s  by 3 t o  1 .  The t o t a l  
o f  p a r a l y t i c  c a s e s  f o r  t h e  p e r i o d  b e in g  201 a s  compared w i t h  
70 n o n - p a r a l y t i c  c a s e s .  D ur ing  t h i s  same p e r i o d  o n ly  f o u r  
e a s e s  of b e n ig n  v i r u s  e n c e p h a l i t i s  were a d m i t t e d .
I n  1954 o n ly  two c a se s  of p a r a l y t i c  p o l i o m y e l i t i s  were  
a d m i t t e d .  I t  i s  s i g n i f i c a n t  t h a t  i n  t h a t  y e a r  sev en  c a s e s  
w ere  a d m i t t e d  w h ich  were d i a g n o s e d  a s  n o n - p a r a l y t i c  p o l i o ­
m y e l i t i s .  One was a d m i t t e d  i n  J u l y ,  t h r e e  i n  S ep tem b er ,
One i n  October  and two i n  November. Of t h e  two p a r a l y t i c
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p o l i o m y e l i t i s  c a s e s ,  one was a d m i t t e d  i n  J u l y  and t h e  
o t h e r  i n  S e p tem b er .  Of th e  s i x  c a s e s  d ia g n o s e d  a s  
v i r u s  e n c e p h a l i t i s  i n  1954, two w ere  a d m i t t e d  i n  
J a n u a r y ,  May and June  r e s p e c t i v e l y .  As t h e r e  was no 
p a r a l y t i c  p o l i o m y e l i t i s  i n  t h e  a r e a  a t  t h a t  t i m e ,  t h e y  
were  r e g a r d e d  as  due to  an u n i d e n t i f i e d  n e u r o t r o p i e  
v i r u s .  V i ru s  i n v e s t i g a t i o n s  o f  t h e s e  c a s e s  were  n o t  
p o s s i b l e  a t  t h a t  t i m e .  We have, t h e r e f o r e , a t o t a l  o f  
13 c a s e s  i n d i s t i n g u i s h a b l e  c l i n i c a l l y  from n o n - p a r a l y t i c  
p o l i o m y e l i t i s  and  two c a s e s  o f  p a r a l y t i c  p o l i o m y e l i t i s  
a d m i t t e d  to  B r o o k f i e l d s  H o s p i t a l  i n  1954.
I n  1955 and 1956 when 44 and 32: c a s e s  o f  p o l i o m y e l i t i s  
were  a d m i t t e d ,  t h e  r a t i o  o f  p a r a l y t i c  t o  n o n - p a r a l y t i c  was 
a bo u t  t h e  a v e ra g e  r a t i o  f o r  E ng lan d  and W ales ,  n e a r l y  2 t o  
1 .  ^There was ,  however ,  a f u r t h e r  i n c r e a s e  i n  t h e  number o f  
v i r u s  e n c e p h a l i t i s  c a s e s  a d m i t t e d  f o r  b o t h  of  t h e s e  y e a r s ,  
22 i n  1955 and 21 i n  1956.
Of the  22 c a s e s  o f  v i r u s  e n c e p h a l i t i s  a d m i t t e d  i n
1955, c o m p le te  v i r u s  i n v e s t i g a t i o n  was p o s s i b l e  o n ly  i n
the  e l e v e n  c a s e s  a d m i t t e d  from B ourn .  P o l i o m y e l i t i s
v i r u s  i s o l a t i o n  was n e g a t i v e  i n  a l l  of them. Coxsackie  
v i r u s  i n v e s t i g a t i o n s  were a l s o  n e g a t i v e .
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P o l i o m y e l i t i s  v i r u s  i n v e s t i g a t i o n  o n ly  was done i n  
18 of  t h e  21 c a s e s  d i a g n o s e d  a s  v i r u s  e n c e p h a l i t i s  in
1956.  P o l i o m y e l i t i s  v i r u s  was n o t  i s o l a t e d  from any o f  
t h e  18 i n v e s t i g a t e d .
I t  i s  a p p a r e n t ,  t h e r e f o r e ,  t h a t  t h e r e  i s  a r e l a t i v e  
i n c r e a s e  f o r  t h e  y e a r s  1954,  1955 and 1956, i n  th e  number 
o f  c a s e s  o f  v i r u s  e n c e p h a l i t i s .  These  c a s e s  w ere  c l i n i c a l l y  
i n d i s t i n g u i s h a b l e  from n o n - p a r a l y t i e  p o l i o m y e l i t i s .
I n  1955 and 1956 t h i s  i n c r e a s e  o c c u r r e d  a t  t h e  t im e  o f  
s e a s o n a l  p r e v a l e n c e  of p o l i o m y e l i t i s  and when a c o n s i d e r a b l e  
number o f  c a s e s  o f  a c u t e  p o l i o m y e l i t i s  were  a d m i t t e d .
The r e s u l t  o f  th e  v i r u s  i n v e s t i g a t i o n  on t h e  Bourn 
g r o u p ,  and th e  f a c t  t h a t  f a e c e s  from 18 o f  21 c a s e s  i n  th e  
1956 group  f a i l e d  t o  grow p o l i o m y e l i t i s  v i r u s ,  seems 
c o n c l u s i v e  e v id e n c e  t h a t  n e u r o t r o p i c  v i r u s e s  o t h e r  t h a n  
p o l i o m y e l i t i s  p roduced  c l i n i c a l  e n t i t i e s  s i m u l a t i n g  non- 
p a r a l y t i c  p o l i o m y e l i t i s .
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SUMMARY
The o c c u r r e n c e  of  two e p id e m ic s  o f  b e n ig n  i n f e c t i v e  
v i r u s  e n c e p h a l i t i s  i n  1955 and 1956, i n  t h e  Cambridge a r e a ,  
h a s  been  d e s c r i b e d  and compared w i t h  a s e r i e s  o f  c a s e s  o f  
n o n - p a r a l y t i c  p o l i o m y e l i t i s .
I t  was n o t  found  p o s s i b l e  t o  e s t a b l i s h  a d i f f e r e n t i a l  
d i a g n o s i s  i n  i n d i v i d u a l  c a s e s  a s  a r e s u l t  o f  c l i n i c a l  
f i n d i n g s  a l o n e ,  b u t  a s t u d y  o f  t h e  e p i d e m i o l o g i c a l  p a t t e r n  
was o f  c o n s i d e r a b l e  h e l p  i n  t h e  d i f f e r e n t i a t i o n  o f  t h e  t h r e e  
main g r o u p s  o f  c a s e s  d e s c r i b e d .
V i r u s  i n v e s t i g a t i o n s  p ro v ed  t h a t  t h e  Bourn ep idem ic  
was due t o  Type 9 o f  t h e  E .C .H .O .  group  o f  v i r u s e s .  T h i s  
v i r u s  work was c a r r i e d  o u t  by D r .  Donald M. McLean, a t  t h a t  
t im e  H a r r i s o n  Watson S t u d e n t ,  C la r e  C o l l e g e ,  Cambridge.  
P o l i o m y e l i t i s  v i r u s  i n v e s t i g a t i o n s  o f  t h e  B i s h o p r s S t o r t f o r d  
c a s e s  were done by members o f  t h e  R e g io n a l  P u b l i c  H e a l t h  
L a b o r a t o r y ,  Cambridge.
The c a s e s  on which  t h e  f i n d i n g s  i n  t h i s  t h e s i s  a r e  
b a sed  were a d m i t t e d  t o  B r o o k f i e l d s  H o s p i t a l ,  Cambridge,  t h e  
i n f e c t i o u s  d i s e a s e s  u n i t  o f  t h e  U n i t e d  Cambridge H o s p i t a l s ,  
o f  which  I  am P h y s i c i a n - i n - C h a r g e .  A l i s t  o f  r e f e r e n c e s  
i s  appended .
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I t  i s  s u b m i t t e d  t h a t  e p id e m ic s  o f  a c u t e  i n f e c t i v e  
e n c e p h a l i t i s  a r e  becoming i n c r e a s i n g l y  p r e v a l e n t  i n  
r e c e n t  y e a r s .  I n  some i n s t a n c e s  t h e s e  o e c u r  s i m u l t a n e o u s l y  
w i t h  c a s e s  o f  a c u t e  p o l i o m y e l i t i s .
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